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MONOCLONAL ANTIBODIES SPECIFIC FOR DIFFERENT EPITOPES 
OF HUMAN gp39 AND METHODS FOR THEIR USE IN 
DIAGNOSIS AND THERAPY 

1 5 This application is a continuation-in-part of United States patent application 

No. 08/379.057, filed Januaiy 26. 1995 and is incorporated herein in its entirely 

R yckpround nf the Invention 

20 A successful immune response requires coordinated interaction of multiple cell 

types. The interaction between T-helper cells (Th) and antigen-presenting cells ( APC) 
such as B cells, monocytes, and dendritic cells results from complex communications 
involving signals received through soluble cytokines or membrane-bound proteins as 
well as adhesive interactions. Many of these signals are not specific to a directed 

2 5 immune response and the proteins are broadly distributed. 

A number of important T cell surface proteins involved in cell-cell interactions 
have been identified including CD2. CD4. CDS, CD28. LFA-1, CTLA-4 and gp39. 
These proteins participate in cell-cell contact by binding to their counter-receptors on 

3 0 APC and provide important costimulatory signals to T cells which modulate signals 

received through the T-cell antigen receptor. These costimulatory signals are 
necessary for the T cell to become fully engaged and express both membrane-bound 
and soluble factors required for the proper aaivation of the T cell-dependent etVector 
cells (B cells, natural killer cells, monocytes, neutrophils, etc.) The gpr>9/CD40 T cell 
3 5 ligand/B cell receptor pair plays a critical role in the humoral immune response hi 
vitro studies have shown that this receptor/ligand pair is involved in B cell 
proliferation, antibody and cytokine production and cell viability. Studies «/ ^'>^'n. both 
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5 through blockini; with a monoclonal antibody or by observation ofa genetic defect in 
45p39. have validated the /// vino results, and extended them to the requirement for a 
functional gp3Q for germinal center formation durinu immune response to antigen 

CD40 is a 50 kDa type 1 membrane glycoprotein expressed by B cells. 
1 0 macrophages, follicular dendritic cells, thymic epithelium, normal basal epithelium, 
some carcinoma and melanoma-derived cell lines (Clark and Ledbetter 1986. /'r«c. 
Nafl. Acad. Sci. USA W:4494; Paerlie et al. 1985, Cancer Immmtol. Immintothcr. 
20:23, Ledbetter et al. 1987, ./. Jmmunoi. ;.?«:788: Young et al 1989. Jul. J. Cancer 
786: Galy and Spits 1992. ./. Jmnwnol. 14911^. Alderson et al 1993. ./. I'.xp. Med 
1 5 ; 7»:669) and recently has been reponed to be expressed on T cells ( Armitage et al 
1993. Ew: ./. Jmmioiof. 23: 2326) It has been shown to be an important signaling 
molecule with a range of downstream effects in multiple systems Early studies 
showed that CD40 was involved in B cell activation. Crosslinking CD40 with ami- 
CD40 monoclonal antibody induces B cell aggregation via LFA-I (Gordon et al 1988. 
20 Immunol. 14»:\A25, Barrett et al., 1991,./. JmmwiaJ. 146:1722), increases Ser/Thr 
(Gordon et al. 1988, supra) and Tyr (Uckun et al 1991, ./ Biol. Cheni. 266: 17478) 
phosphorylation ofa number of intracellular substrates and provides a "competence" 
signal that allows B cells to proliferate and undergo class switching when .stimulated 
with the appropriate second signal. For example. anti-CD40 monoclonal amibody can 
2 5 synergize with PMA (Gordon et al. 1 987. Em: J. Immunol. 1 7. 1 535) or anti-CD2() 
monoclonal antibody (Clark and Ledbetter 1986. .supra) to induce B cell proliferation, 
with lL-4 to induce B cell proliferation (Gordon et al 1987. .snpra: Rousset et al 
1991, ./. Exp. Med 772:705) and IgE secretion (Jabara ei al. 1990. ./. Exp Med 
/ 72: 1 86 1 ; Gascan et al 1 99 1 . ./. Immunol. 147 Rousset el al. 1 99 1 . .supra: Zhanu et 
30 al. m\,J.lmmNnol. /V6: 1836. Shapira et al mi. J. I:xp. Med /7.v2K9) and with 
IL-10 and TGF-p to induce IgA secretion by sIgD" B celLs (DeFrance ei al 1992 ./. 
l-jcp Med. 175 CI \) 

isolation ofa cDNA clone encoding human CD40 (Siamenkovic et al 
3 5 EMBO J. 1403) shows that CD40 has a significant homology to the nerve growth 
factor receptor family Using a soluble form of CD40. Cl)40-immunojilobul.n fu.s.on 
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protein (dMO-ls) (AmV.tage ct al. 1992. Ncw,rc 3S7:S0: U,,k' c, al. m:. Knr. ./. 
}„mw,ol. 22:2573; Noelle et al. 1992. Pnn:. Nat'l. AcaJ. Sci. USA *9:6550). it was 
found that the CD40 ligand (sp39, CD40.L). a protein of approximately 39 IcDa. was 
expressed by activated human and murine T cells. In addition, blocking studies with 
CD40-lg (Fanslow et al. 1992, J. Immunol. N9:6S5: Noclle et al. 1992. .svpra) or an 
anti-murine gp39 monoclonal antibody (MRl) Noelle et al. 1 992, .«/,,«/) showed that 
preventing gp39.CD40 binding resulted in inhibition of B cell biological responses 



Complementary DNA encoding both murine (Armiiage et al. 1992, 
Naiwe .?.?7:80) and human (Hollenbaugh et al. 1992. EMHOJ. //:4313; Spriggsct al. 
1 5 1 992, ./. Exp. Med / 76: 1 543) gp39 or a soluble recombinant form of gp39 and lL-4 or 
gp39 and IL-10 can drive human B cells to secrete IgE and IgA, or IgG and IgM. 
respectively (Aruftb ct al. 1993. Cci/ 72:291). Taken together, these result.<; .suggest 
that gp39 may be a T cell "switch" responsible for some aspects of B cell 
differentiation and isotype switching (Noelle et al. 1992. Immwinf. r<HJc,y /.?:43 1 ) 



20 



Recently, the gene encoding gp39 was mapped to Xq26, the X chromosome 
region where the gene responsible for hyper -IgM syndrome (HIM) had previously 
been mapped (AruflFo et al 1993. Cell 72:291). The gp39 molecules in the HIM 
patiems were found to be functionally abnormal. Activated T cells have been found to 
25 produce normal levels of mRNA. but the gp39 encoded is defective (Aruffo et al 
1993, siipra, DiSamo et al. 1993. Nature .?6/:541 ). 

Hyper-lgM syndrome is one of at least seven inherited immunodeficiencies 
mapped to the X-chromosome (Kinnon and Levinsky 1992, ./. htheri,. Meiah Dis. 

3 0 75:674). The disease is characterized by low or absent IgG. IgA and IgE levels, 
normal or elevated levels of IgM. normal numbers of recirculating B cells, 
susceptibility to bacterial and opportunistic infections (including rnenmncysni 
car//,//), no germinal centers, autoimmunity, neutropenia. X-linked and autosomal 
forms, and gp39 ligand gene defects in the X-linked form of the disease. Common 

35 Variable Immunodeficiency (CVI) is another group of immunodeficiency disorders 
characterized by abnormal antibody responses and recurrent bacterial infections 
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5 Clinical prcscntaiions of CVl are diverse, as the disorders described by ihe lerm 
include a wide variety ot as yci uncharacierizcd defecis. Disease stales described as 
CVl commonly show decreased or absent seriirn IgG and IgA, while the levels oflgM 
may be normal or decreased. Although most CVl patients have normal T cell numbers 
and responses, some may have decreased numbers, abnormal CD4/CD8 cell ratios or 
1 0 abnormal T cell function. There is also an increased probability of autoimmune 
antibodies in this patient population. 



Mutations in the gene encoding gp39 result in deletions giving rise to frame 
shifts and premature stop codons, or point mutations resulting in amino acid 

1 5 substitutions (Allen et al 1993, .Vc/t'//tv 239 990: DiSanto et al. 1993, A7//;m; Fuleichan 
et al 1993, supra^ Korthauer et al 1993, xttpra: Aruflb et al 1993, Mtpra\ Collard el 
al. 1993, ImmwioL TixJay 7*^:559). The effect of these mutations on expression of 
gp39 by activated T cells has been examined using soluble CD40-lg, polyclonal 
antibody raised against a gp39 bacterial fusion protein (anii-TRAP) (Graf ei al. 1 992, 

20 Eur. Inwmnol 223\9\\ Korthauer el al. 1993, Nwwe J6/:539) and a gp39 specific 
monoclonal amibody 5c8 (Ledermanei al. 1992,7. Exp. Med. 775:1091) Staining 
with soluble CD40-lg, gp39 expression was found to be absent, while that for anli- 
TRAP was normal on T cells from one out of three patients tested, which was 
confirmed using the monoclonal antibody. These results show that expression of gp39 

25 is variable in HIM patients and it has been suggested thai further work is needed to 
determine whether the variation in surface expression of mutant forms of gp39 
correlates with HIM disease severity In the absence of a family history of X-HIM, the 
disease is difikult to distinguish from CVl The methods curremly used to identify a 
defect in gp39 as the causative agem in X-HIM include the sequencing of nucleoiides 

30 comprising the gp39 gene from cDNA formed from niRN A isolated from //; vnm 
activated lymphocytes that do not bind CD40, but do contain mRNA encoding gp39 
This method has been used to show one patient diagnosed with CVl actually suffers 
from hyper IgM syndrome However, the methods are laborious and would be ver> 
expensive to use on a more generalized basis 



35 



4 



10 



PCTAJS9W01119 

WO 9603071 

What is needed in the art are additional monoclonal antibodies reactive with 
different epitopes of gp39 which can be easily used to assay for mutant forms ort;p3*> 
and for other purposes in diagnostics to distinguish between common variable 
immunodeficiency and X-linked hyper-lgM, and in therapeutic methods to modulate 
disease states responsive to interactions between CD40 and its ligand sp39 

F"nTVff"f rtf \\}*' Invention 



This invention provides for monoclonal antibodies capable of binding to at least 
twelve separate epitopes on human gp39. The invention further provides for antigen 
1 5 binding fragments and recombinant binding proteins, derived from the monoclonal 
antibodies of the present invention, which also bind to gp39. Also provided arc 
specific hybridomas which secrete monoclonal antibodies which bind to the twelve 
epitopes on gp39 disclosed. 
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In one embodiment of the present invention, the monoclonal antibody, antigen 
binding fragment or recombinant binding protein thereof, is characterized by its binding 
to a mutant form of human gp39 and wild-type gp39 with a similar avidity when the 
mutants of gp39 comprise the replacement of tyrosine 145, asparagine 180 or 
phenylalanine 201 and glutamic acid 202 with alanine, and also has a poor binding 
25 avidity to a mutant form of gp39 when compared to the binding avidity to wild-typc 
Sp39 when the mutant comprises glutamic acid 129. serine 13 1 and tyrosine 135. or 
lysine 143 replaced by alanine: and further does not react with gp39 by Western blot. 
Specific examples of monoclonal antibodies having these characteristics are those 
secreted by hybridomas as 39- 1 .3 designated ATCC HB 11 822 39- 1 . 1 22 designated 
30 ATCCHB II8I6 or 39-1.138 designated ATCC HB 11821. 

In a second embodiment, the monoclonal amibody. antigen binding fragment or 
recombinant binding protein thereof is characterized by its binding to a mutant form of 
human gp39 with a somewhat reduced avidity when compared to the binding avidity to 
35 wild-type gp39 when the mutant form of gp39 comprises tyrosine 145. asparagine 1 80 
or phenylalanine 201 and glutamic acid 202 are replaced by alanine, and further has a 
poor binding avidity to a mutam gp39 compared to the binding avidity to wild-type 
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5 gp39 when the mutant form of gp39 comprises glutamic acid 129, serine 13 1 and 
threonine 135, or lysine 143 replaced by alanine, and also does noi rejici witli gp3^-> by 
Western blot. Specific examples of a monoclonal antibody with these characteristics 
includes that secreted by hybridoma 39-1.59 designated ATCC HB 11815 

10 In a third embodiment of the present invention, the monoclonal antibody, 

antigen binding fragment or recombinant binding protein thereof is characterized by its 
binding to a mutant form of human gp39 with a somewhat reduced binding avidity 
when compared to the binding avidity to wild-type gp39 when the mutant of gp39 
comprises serine 131 and threonine 135, tyrosine 145, asparagine 180 or phenylalanine 

15 201 and glutamic acid 202 are replaced by alanine. The antibody is further 

characterized by having poor binding avidity to a mutant of gp39 when compared to 
the binding avidity to wild-type gp39 wherein the mutant form of gp30 comprises 
glutamic acid 129, or lysine 145 replaced by alanine. Further, the antibody does not 
react with gp39 by Western blot. Specific examples of monoclonal antibodies having 

20 these characteristics are those secreted by the hybridoma 39- 1 .37 designated ATCC 
HB 11 8 1 3 or 39- 1 1 32 designated ATCC HB 1 1 809 



In another embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein thereof is characterized by 

25 binding to a mutant form of human gp39 with a somewhat reduced binding avidity 
when compared to the binding avidity to wild-type gp39 when the mutant form of 
gp39 comprises serine 131 and threonine 135, tyrosine 145, asparagine 180, or 
phenylalanine 201 and glutamic acid 202 are replaced by alanine, and further has a 
poor binding avidity to a mutant of gp39 compared to the binding avidity to wiUI-iy|K 

30 gp39 when the mutant form of gp39 comprises glutamic acid 129, or lysine 143 
replaced by alanine. The antibodies of this group also react with gp39 by Western 
blot. Specific examples of monoclonal antibodies having these characteristics include 
those secreted by hybridomas 39- 1 . 1 24 designated HB 11819 and 39- 1 1 50 designated 
ATCC HB 11817 



35 



In a further embodiment of the present invention, the monoclonal antibody, 
anliuen binding fragment or recombinant binding protein thereof is characterized by 
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5 binding to a mutant form of human sp39 with a somewhat reduced or similar binding 
avidity when compared to the binding avidity to wild-type gp39 when the mutant form 
of sp39 comprises glutamic acid 129. serine 13 1 and threonine 135, tyrosine 145. 
asparagine 180 or phenylalanine 201 and glutamic acid 202 replaced by alanitie, and 
further has a poor binding avidity to a mutant of gp39 comprising lysine 143 replaced 
1 0 by alanine than to wild-type gp39. The antibody is further characterized by the 

inability to bind gp39 in a Western blot. SpeciHc examples of monoclonal am.bodies 
having these characteristics are those secreted by the hybridomas 39-1.7 designated 
1 1812. 39-1. 128 designated ATCC HB 1 1818 and 39-1.26 designated ATCC 
HB 11820. 

m yet another embodiment of the prescm invention, the monoclonal antibody, 
antigen binding fragmem or recombinam binding protein thereof is characterized hy its 
binding to mutant form of human gp39 and to wild-type gp39 with a similar binding 
avidity when the mutant comprises glutamic acid 129, serine 131 and threonine 135, 
20 tyrosine 145, or asparagine 180 replaced by alanine. The amibody is further 

characterized by having poor binding avidity to a mutam human gp39 when compared 
to the binding avidity to wild-type gp39 when the mutant form comprises 
phenylalanine 201 and glutamic acid 202 replaced by alanine and has a somewhat 
reduced binding avidity to a mutam gp39 when compared to the binding avidity to 
2 5 wild-type gp39 when the mutant form comprises lysine 143 replaced by alanine Also, 
the monoclonal amibody binds to gp39 by Western blot. Specific examples of 
monoclonal antibodies having these characteristics include those secreted by the 
hybridomas 39- 1 .77 designated ATCC HB 1 18 14. 39- 1 1 06 designated ATCC 
HB 1 1 8 1 1 and 39- 1 . 1 34 designated ATCC HB 1 1 8 10. 

30 

In a further embodiment of the present invention, the monoclonal antibody, 
amigen binding fragment or recombinant binding protein thereof is characterized by its 
binding to a mutam form of hun«n gp39 and wild-type gp39 with a sin«lar binding 
avidity when the mutam gp39 comprises glutamic acid 129. serine 1 3 1 and threonine 
35 135, lysine 143, tyrosine 145 or asparagine 180 replaced by alanine, and has a poor 
binding avidity to a mutam gp39 compared to the binding avidity to wild-type gp30 
when the mutam form of sp39 comprises phenylalamne 201 and glutamic acid 202 
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5 replaced by alanine. The antibody is further characterized by its ability to bind lo jjp^ 
by Western blot A specific example of a monoclonal antibody haviny these 
characteristics is the monoclonal antibody secreted by the hybridoims 5')- 1.20 
designated ATCCHB II 808. 

10 In another embodiment of the present invention, the monoclonal antibody. 

antigen binding fragment or recombinant binding protein is characterized by binding to 
a mutant form of human gp39 and wild-type gp39 with a similar binding avidity when 
the mutant form of gp39 comprises glutamic acid 129. serine 13 1 and threonine 135. 
tyrosine 145, or asparagine 180 replaced by alanine. The amibody is also characterized 

1 5 by having a somewhat reduced binding avidity to a mutant gp39 when compared to 
wild-type gp39 when the mutant comprises lysine 143 replaced by alanine and also 
does not bind to gp39 by Western blot A specific example of a monoclonal antibody 
having these characteristics is the monoclonal amibody secreted by the hybridoma 39- 
7.3EI2 designated HB 1 1823. 

20 

In yet another embodiment of the present invention, the monoclonal antibody, 
antigen binding fragment or recombinant binding protein is characterized by binding to 
a mutant form of human gp39 and wild-type gp39 with a similar binding avidity when 
the mutam form of gp39 comprises glutamic acid 129 replaced by alanine The 

2 5 antibody is also characterized by having somewhat reduced binding avidity to a mutant 
gp39 when compared to wild-type gp39 when the mutant comprises serine 13 I and 
threonine 135, asparagine 180. or phenylalanine 201 and glutamic acid 202 replaced by 
alanine and has a poor binding avidity to a mutam gp39 compared to the binding 
avidity to wild-type gp39 when the mutant form of gp.^9 comprises lysine 143 or 

30 tyrosine 145 replaced by alanine. The amibody also is unable to bind gp39 by Western 
blot. A specific example of a monoclonal antibody having these characteristics is the 
monoclonal amibody 39-5.6E9 designated ATCC HB 

In a further embodiment, the monoclonal antibody, antigen binding fragment or 
35 recombinam binding protein is characterized by binding to a mutant form of gp39 and 
wild-type gp39 with a somewhat reduced or similar binding avidity when the nnitani 
form ofgp39 comprises glutamic acid 129. serine 131 and threonine 135. lysine 143. 
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.wosir. 145. «P-S- '««• »' P""^'"""" " 
.,„i„ The .n.ibody« ISO cha«c,«iz=d by binding by Wcs-ern bin, A 

sp«ific cx«npl. of a n,onocional .nrtbody bavins .hese cb.r.c,.ris,.« .h= 
monoclonal -."body «=re..d by U,e bybridom, 39-9.246 d.sisn...d ATCC HB 

,„ yet . fi.rU,er embodimem of .he present invention, .he monoclonal antibody. 
„.,gen binding fr.gn,«.t or «con,binan. binding protein is characterized by bind.ng ,.. 
. tnuun. form of human gp39 and «i.d.,yp. gp39 »i.h a sinUlar binding avidtty when 
•he n^tan. form ofgp39con.pnsesgK..an,ic acid .29.serine .3. and threon.ne 35. 
tyrosine .45. or phenylalanine 201 and glutamic acid 202 replaced by alanine The 
antibody, antigen binding fragm«.. or recombinant binding pro,e,n also charactenzed 
by having a somewhat reduced binding avidiry to a mu.«,. gp39 when compared .o 
„ild..ype gp39 when .he mu.am comprises lysine 143 replace, by alanine and » poor 
binding avidity when the gp39 mutam comprises asparagin. ISO replaced by ,l.n,ne. 
The antibody is also characterized as being unable .o bind gp39 by Western bio, A 
, sp«i8c example of a mo.K>clonal anribody having .hese chan»:teris.ics .s the 
monoclonal »ttibody secreted by the hybridoma 39-9 1 1 designated ATCC HB 



In ye. a funher embodiment of the presen. invemion. the monoclonal antibody. 

2S antigen binding fragment or recombinant binding protein is characteri3«i by bindmg .o 
a mutam fonn of human gp39 and wild-typ. gp39 with a similar binding avidny when 
the mutam fonnorgp39 comprises glu.»nic acid 129. serine 131 and threonme 13.^. 
tyrosine ,45. or phenylalanine 201 and glut«nic acid 202 replaced by al.ni,K The 
antibody is also characterized as being able to bind gp39 by Western blot A spccil.c 

30 exampleof a monoclone antibody having these characteristics is the monoclonal 
antibody secreted by the hybridoma 39.9.274. desiBna.«l ATCC HB 

in Mill a fttriher entbodimem of the present invemion. the ntonodonal anlihtKiy, 
antigen binding fragment or recombinant binding pro,»n is characerizec, by no. ben,, 
3 5 highly reactive wi.h a mutam human 8p39 when .he mu.am comprises .l,e glutam,c 
,cid at position .29. ,h. serin, at position 1 3 1 and the threonine a. position , 3,. ,he 
.yrosin. a. position 145. or phenylalanine « posi.ion 20. and glut«nic acid a, posnK,n 
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5 202 replaced by alanine. Or, the monoclonal antibody is characierized as not hcinu 
similarly reactive with a mutant of human gp39 when the mutant comprises the 
asparagine at position 180 or the lysine at position 143 is replaced by alanine These 
antibodies can also be characterized by their binding or lack of binding to gp39 by 
Western blot. 

10 

Each of the groups of monoclonal antibodies recognize epitopes of gp39 and 
can be manipulated either chemically or by recombinant methods that generate either 
antigen binding fragments or recombinant binding proteins. Examples of antigen 
binding fragments are the Fab, (Fab')2 or Fv created by enzyme digestion of whole 
1 5 antibody. Recombinant binding proteins of the present invention include any molecule 
which maintains the antigen specificity of the parental antibody and has been 
recombined with other amino acid residue sequences Examples include chimeric 
antibodies, sFvs, humanized antibodies and fusion molecules 

20 In still another embodiment of the present invention, the monoclonal antibodies 

or recombinant binding proteins can be conjugated to a delectable marker or a 
therapeutic agent. Examples of delectable markers include fluorophores. radioactive 
isotopes, enzymes or chromophores Therapeutic agents contemplated by the piesent 
invention can include radioisotopes, toxin, or a chemotherapeutic agent, such as a 

25 cytotoxic drug. In addition to conjugation techniques, the recombinant binding 
proteins of the present invention can be constructed to form fusion proteins that 
comprise a variable region derived from a monoclonal antibody of the pi eseni 
invention and an enzyme, protein toxin or proteinaceous therapeutic agent 

30 In yet another embodiment of the present invention, a method for the detection 

of X-linked hyper IgM syndrome is disclosed The method comprises the steps of 
isolating peripheral blood lymphocytes from a patient suspected of having symptoms 
associated by the syndrome, activating ilie peripheral blood lymphocytes, fixing and 
permeabilizing the isolated and activated peripheral blood lymphocytes, admixing a 

35 monoclonal antibody described with the activaied, fixed and permeabilized peripheral 
blood lymphocytes, and delecting antibody bound to the cells. The antibody can be 
labeled with a detectable marker or can be unlabeled When used unlabeled, a further 
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5 S..P of adding a s^ondar, anubody (wh,ch i, labded, specific for ,he firs, «„ibody . 
c^ed „u. prior .0 .be d..cc,io„ s,ep The d«cc»b,. n,.rk.r can be. for cx.n^.c. a 
Huorophore. radioactive isotope, enzynte or ehromophore 

Further, .he presen. in«n.ion provides hybridon«s which s«:re.e sp«:ific 
.n,i^i.sr..c.ivewi.heachofUKepi.opesdescHbedby.hepres.n.inven,ion Each 

of .h«e bybridon^s was deposi..d wi.h .h. American Type CuUure Co«ec.,on. ,2 0 
P^rklawn Drive. RockviUe. MD 20852 on 20. .995 under ,be conduu,ns of >h= 

Budapest Treaty. 

, S in ye. .no.h.r embodim».. of .he presen. invention, an isolated and purifed 

™c,eic acid sequence which encodes antino acid sequences f« intntunoglob* hgh, 
.„d heavy chains of -tntmunoglobulin molecules which recognize epitopes of iu.n,.n 
a,39 are described by ,he present invention In panicuUr. ,he nucleic acid sequence 
encodes an »..no acid se,u«>ce of .he intntunoglobulin ligh. chain variable regton 

20 depiced in Sequence 12 and in Sequence m 16. Also disclosed are specthc 

Jcl.cadesequenceswbich«.code.h.se.n,inoac,d,.quences Those are dep,c,ed .n 

sequence ID#s 1 1 and 15. Also, .he nucleic acid sequences which «.code 
immunoglobulin heavy chain variable regions having the amino acid residue sequence 
depicted in Sequence ID* 14 and Sequence .D. 1, are provided. Particular nucleotide 
2 s sequences which encode .he amino acid residue sequences are provided m Sequence 
ID# 1 5 and Sequence ID* 17 . 

The present invention also provides pharmaceutical compositions comprising the 
monoclonal antibodie. anrigen binding fragmenrs or recombinam btnding protetns 
30 thereof described beretn combined with a pharmaceutically acceptable carrier These 
compositions can include .he monoclonal »,.ibody. antigen binding fragment, o. 
recombinant binding protein conjuga.ed to a detectable marKer or therapeut.c agent 

Methods are also provided for using .hese pharmaceutical compo.,itions to 
3S inhibit an antibody response to a T cell dependent antigen in an animal by admin.tenng 
aneffectiveamountofoneofthecomposittonsdescr^dabove 
with the composition can include monkeys and humans The inhibn.on o, the an„bod, 
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response to a T cell dependent antiijen can prevent an autoimmune response, the 
rejection of a transplanted organ, graft -versus-host disease, an allergic response or an 
inflammatory response Autoimmune diseases preventable using this method can 
include psoriasis, rheumatoid arthritis, systemic lupus erythematosus or diabetes 
meilitus, among others. 

Further, the present invention provides methods for imaging cells expressing 
gp39 on their surface in a patient which comprise administering to a patient a 
pharmaceutical composition including a monoclonal antibody described above 
conjugated to a detectable marker under conditions permitting the formation of 
antibody/antigen complex on the surface of the cells expressing gp3<). and detecting the 
presence of the antibody/antigen complex as indicated by the presence of the 
detectable markers. 



20 



30 



Description nf the Fitiures 



Figures 1 A through ID demonstrate the binding of murine anti-human gp39 
monoclonal antibodies 7 (39-1 .7) and 106 (39. 1-I06) to activated human and macaque 
T cells E rosette positive T cells were isolated from peripheral blood mononuclear 
ceils, activated with PMA and ionomycin for six hours and then incubated with anti- 
2 5 human gp39 monoclonal antibodies 7. 1 06 or a negative control antibody. Cells were 
then incubated with an FITC goat anti-murine IgG polyclonal antisera followed by a 
phycoerythrin labeled mouse anti-human CD4 monoclonal amibody Cells were gated 
for CD4' cells and subsequently analyzed for anti-gp39 staining using a FACScan. 
Figures I A and IB Human T cells Figures IC and ID Macaque T cells 



Figures 2A through 2C demonstrate the inhibition of human CD40-lu bindinit 
to activated human and macaque T cells by murine anti-human gp39 monoclonal 
antibodies 7 and 106 E rosette positive T cells were isolated by peripheral blood 
mononuclear cells and stimulated with PMA and ionomycin for 6 hours Activated T 
3 5 cells were incubated with murine anii-human gp39 monoclonal antibodies 7 (39- 1 7 ) or 
106 (39-1. 106) at a concentration of 5 ng/ml followed by human CD40-lg (20 pg/ml) 
After incubation, the cells were stained with phycoerNthrin labeled goat anti-human 
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5 IgG and analyzed on a FACScan Figure 2A Human T cells and monoclonal amibodx 
7. Figure 2B Human T cells and monoclonal antibody 1 06. Figure 2C Maca(,ue T 
cells and monoclonal antibody 7. Figure 2D Macaque T cells and monoclonal antibody 
106. 



10 



Figure 3 demonstrates the ability of murine anti-human gp39 monoclonal 
antibodies 7 and 106 to inhibit the production of IgG and IgM by macaque B cells 
stimulated by activated macaque T cells. 

Figure 4A and 4B demonstrates the ability of gp39 binding proteins lo suppress 
1 5 an immune response in macaques to sheep red blood cells. Serum was collected 

weekly and (Fig. 4A) anti-SRBC IgM titers and (Fig. 4B) anti-SRBC IgG titers were 
assessed by ELIS A. Values represent mean + SEM for 4 monkeys per group The 
arrow indicates the time of the secondary immunization. Value reported is titer as 
determined by the dilution of serum yielding absorbance values five times the 
20 background value, where background is determined as the absorbance measurement 
recorded in the absence of serum. 

Figure 5 demonstrates the ability of macaques treated with gp39 binding 
proteins to generate an IgG response to KLH. Serum titers of specific monkeys' 
2 5 amibody were determined by ELISA. Results are the average of all monkeys in each 
group. Value reported is titer as determined by the dilution of serum yielding 
absorbance values five times the background value, when background is determined as 
the absorbance measuremem recorded in the absence of serum 

30 . Figure 6 provides the nucleotide sequence for 106 VL (Seq. ID #1 1) and the 

deduced amino acid sequence (Seq ID #12) Figure IB provides the nucleotide 
sequence for 106 VH (Seq ID #13) and the deduced amino acid sequence (Seq ID 
#14) The leader sequences are encircled and the complimemariiy determining regions 
are shown in boxes. The VL is a member of the murine kappa V subfamily and the \' 

35 gene segmem has rearranged with 5 (Figure 6A. underlined) The VH is a member 
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of the murine III(D) subgroup 
(Figure 6B, underlined). 
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The heavy chain V gene has rearranged with JH2 



Figure 7 provides the nucleotide sequence for 7 VL (Seq. ID #15) and the 
deduced amino acid sequence (Seq. ID #16). Figure 2B provides the nucleotide 

1 0 sequence for 7 VH (Seq. ID #17) and the deduced amino acid sequence (Seq ID # 1 8). 
The leader sequences are encircled and the complimentarity determining regions are 
shovwi in boxes The VL is a member of the murine kappa II subfamily and the V gene 
segment has rearranged with Jk 4 (Figure 7 A, underlined) The VH is a member of the 
murine 11(A) subgroup The heavy chain V gene has rearranged with JH2 (Figure 7B, 

1 5 underlined) 

Figures 8 A and B demonstrate a titration of 106 sFv-lg and 7 sFv-lg COS cell 
transfeciion supernatanis binding to immobilized human gp39 Flat bottom 96-well 
plates coated with anti-mouse Lyt-2a and Lyt-2a-gp39 fusion protein were used to 

20 screen COS cell supernatants for functional anti-gp39 106 and 7 sFv-lg Two-fold 

dilutions of a representative clone for each sFv-lg are shown While mock transfeciion 
supernatant (no DNA added to COS cells) showed no activity, 106 sFv-lg and 7 sFv- 
Ig bound to immobilized gp39 at dilutions in excess of I I 00 (for 106 sFv-lg, binding 
could be detected down to a 1 : 1000 dilution of transfection supernatant). In 

2 5 comparison, an anti-mouse gp39 sFv (MR 1 sFv-lg) did not bind to human gp39 
although it bound well to plates coated with anti-mouse Lyi-2a and Lyi 2«-murine 
gp39 fusion protein. 106 sFv-lg and 7 sFv-lg showed little to no reactivity on plates 
coated with anti-mouse Lyt-2a and Lyl 2a-murine gp39 fusion protein 

30 Figures 9A and 9B show the comparative binding of bivalent 106 monoclonal 

antibody and 106 sFv-lg to Jurkat cells constiluiively expressing gp39 lodinaied 
bivalent 106 mAb was compared to iodinated 106 sFv-lg lor binding to gp39 
expressed on BMS-IC Jurkai cells The calculated aflinities were Kd=4 >: 10'"' ± 6 x 
10'" for bivalent 106 mAb (Figure 9A) and Kd=1.6 x 10 " ± 3,3 x 10*" for 106 sFv-lg 

35 (Figure 9B). Scaichard transformation showed that both bivalent IOC n^Ab and 106 
sFv-lg bound approximaiely 10,000 sites per cell (Figures 9A and 9B) 



wo 9403071 PCT/»S96rt»lll9 
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Figure 10 depicts the 106 VL humanization template. The original murine 
sequence is shown in the fourth row (ml 06, Seq. ID #27) with the murine germline 
sequence beneath it. The chosen human template sequence is shown in the second row 
(human template, Seq. ID #29) with its human consensus sequence above it. The 

1 0 humanized 106 VL sequence (hl06, Seq. ID #28) is shown between the human 

template and the murine 106 VL sequence. It consists essentially of human framework 
residues and murine hypervariable residues. The hypervariable regions as defined by 
Kabat et al. (^i^nitnccs of Proteins of Immunolonical Interest. 4th ed., U.S. Health 
and Human Services. Washington. D.C. ( 1987)) are shown outlined with a double line 

1 5 The L I , L2 and L3 loops are outlined in a single line and structural detemiinanis 

defined by Chothia are shown by asterisks (Chothia and Lesk, 1987, ./. Mf^t. Hiol. lU 
901 ). Human or murine residues diflfering from the humanized 106 VL are double 
underlined The human Jk was chosen on the basis of homology to the 106 Jk 



20 Figure 1 1 depicts the 106 VH humanization template. The original murine 

sequence is shown in the fourth row (ml 06. Seq. ID #30) with the closest murine 
sequence beneath it (a suitable germline sequence having only three residues in the H2 
loop wras not available, instead, a rearranged sequence was chosen that had an overall 
high homology to 106 VH and also had a three residue H2 loop). The chosen human 

25 template sequence is shown in the second row (human template. Seq. ID #32) with its 
human consensus sequence above it (human VH111/JH4 consensus) The humanized 
106 VH sequence (hi 06, Seq. ID #3 1 ) is shown between the human template and the 
murine 106 VH sequence. It consists essentially of human framework residues and 
murine hypervariable residues (outlined with a double line). The H 1. H2 and H3 loops 

30 are outlined with a single line and structural determinants as defined by Chothia 
(xtipra) are shown by asterisks. Human or murine residues dift'ering from the 
humanized 106 VH are double underlined The human JH was chosen on the basis ol" 
homology to 106 JH. 

3 5 Figure 1 2 depicts the assembly of the eight humanized i 06 VH Two DN A 

fragmems were amplified by PCR of the first 149 bases of the murine 106 VH using 
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5 sense primers ihai encoded a HinJlll site immediaicly prior to 106 VH sequence 

containing changes of three (106 vh 1-5') or four (106 vhA-5') of the murine residues 
to human residues, and an aniisense primer thai encoded unique restricrion sites (Nhci 
EcoRI. Psil and Xhal), These fragments were digested with Hindlll and Xhal and 
were ligaied into pUC19, creating the two vectors 106 vhA-NEP and 106 vhT-NEP 

1 0 Three pairs of synthesized oligonucleotides encoded changes at one or two positions 
(106 vh SY, 106 vh DY, 106 vh SS) while 106 vh DS maintained the original murine 
sequence at residues 55 and 56, All four pairs also encoded additional humanized 
residues of Ile57. Ala60, Lys64 and Lys75 which are not illustrated for simplicity. In 
addition, they were engineered with Nhel and Psll overhangs (0/H) and a unique Xliol 

1 5 site for diagnostic digests The DN A fragments generated by these oligonucleotides 
were ligated into the 106 vhA-NEP and 1 06 vhT-NEP vectors at the Nhd and Psii 
sites. A final PCR fragment was generated using the 106 vh Pst5' sense primer and the 
106 vh Xba3' antisense primer using murine 106 VH as the template. These two 
oligonucleotides encoded four more changes from murine to human sequence The 

20 DNA fragment was cloned into the previous constructs using l*sil and Xhal restriction 
sites. 

Figure 13 demonstrates the inhibition of E-selectin expression on endothelial 
cells. The black bars show expression levels of E-selectin While the murine 106 sFv- 
25 Ig shows strong inhibition, the L6 sFv-lg negative control shows no inhibition 

HuVL/106 vhA-DY ("ADY"), huVL/106 vhA-SY ("ASY") and hu VL/106 vhT-DS 
("TDS") inhibit E-selectin expression, although not as effectively as the murine 106 
sFv-lg. Supernatants from the hu VLyi06vhT-SY ("TSY"; no protein) and 
huVL/106vhT-SS ("TSS"; aberrant protein) transfeciions did not show any activity 

30 

Figure 14 depicts the Biacore"^ analysis of humanized 106 sFv-lg proteitis 
binding to human gp39. Human gp39 was coated on chips and the various humanized 
106 sFv-Ig transfeciion supernatants were tested for binding The original murine 106 
sFv-lg bound very tightly (no off-rate observed, as shown by horizontal line) Proteins 
35 from the huVL/l06vhA-DY ("ADY12o"), huVL/lOoviiA-SY ("ASY2 1-7") and 

huVL/106vhT-DS (TDS46.17") transfeciion supernatants also bound tightly with no 
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detectable off-rate. Supernatants from the huVL/l06vhT-SY (-TSY26-9"; no protein) 
and huVU106vhT-SS ("75536-13"; aberrant protein) iransfections did not bind to 
gp39-coated chips. 

Figure 15 provides a depiction of the complete hi 06 light chain expression 
plasmid pD16-hK8.LI . 

Figure 16 depicts the nucleic acid (Seq. ID #76) and amino acid residue (Seq. 
ID #77) sequences for the hl06 immunoglobulin light chain insert which encodes the 
hi 06 signal peptide, variable region and the associated Hanking regions 

Figure 17 provides a depiction of the complete hi 06 heavy chain expression 
vector pD17-hKI.Hl. 

Figure 18 depias the nucleic acid (Seq. ID #78) and amino acid residue (Seq 
ID #79) sequences for the hi 06 heavy chain insert which encodes the h 106 signal 
peptide, variable region and the associated flanking regions. 

Figure 19 provides data for the inhibition of B cell proliferation by sgp39 in the 
presence of ami-human IgM. Resting tonsillar B cells were cultured in the presence of 
sgp39. rabbit anti-human IgM immunobeads, and the indicated amounts of monoclonal 
antibody for 72 hours Plates were then pulsed with ['H]-thymidine and incubated for 
an additional 16 hours After incubation the cells were harvested and [ HJ-thymidine 
incorporation determined. All tests were performed in triplicate. Results are 
expressed as percem inhibition compared to cultures that comained only medium. 

Figure 20 compares the ability of the various humanized 106 antibody proteins 
to inhibit the antibody production by human B cells stimulated with activated T cells 
Human peripheral blood mononuclear cells were depleted of monocytes and natural 
killer cells and then separated into E rosette positive (T cells) and E rosette negative 
(B cells) T cells were subsequemly treated with mitomycin C and cocuiuired with B 
cells in anti-CD3 monoclonal amibody coated wells of a 96 well plate in the presence 
of the indicated amount of monoclonal antibody. All tests were run in triplicate 
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5 Results are expressed as percent inhibition compared to cultures that comainetl 
medium only (no anti-gp39 monoclonal antibody). 

Figure 21 compares the abilitj^ of the various humanized 106 antibody proteins 
to inhibit the induction of E-selectin expression on endothelial cells by a gp39' T cell 
1 0 line. Human umbilical vein endothelial cells were cultured with BMS-2 cells, a Jurkat 
line known to express gp39. in the presence of the indicated amount of antibody After 
four hours, the level of E-selectin expression was measured by ELISA. Error bars are 
smaller than the graph symbols. 

^5 netailed Description of the Invention 

In order that the invention herein described may be more fully understood, the 
following description is set forth. 

2 0 The presem invention is directed to a group of monoclonal antibodies which 

recognize specific epitopes of the T cell membrane glycoprotein gp39, and to the 
hybridomas which produce and secrete these monoclonal antibodies. Also 
encompassed by the present invention are other monoclonal antibodies which can be 
made which competitively inhibit the binding of the specifically disclosed monoclonal 

2 5 amibodies to their epitopes Fragments of the monoclonal amibodies and recombinam 
proteins having the variable region of the disclosed monoclonal antibodies are also 
included in the present invemion. as are methods of using the monoclonal antibodies, 
fragments and recombinant binding proteins in diagnosing hyper IgM syndrome, in 
other cell adhesion and T cell assays, and in methods of modulating immune responses 

30 in a host. 

The preparation of monoclonal antibodies can be accomplished by 
immortalizing a cell line producing antibody specific for an epitope on gp?'/ 
Typically, a monoclonal amibody of the presem invention can be produced using well 
35 established hybridoma techniques first introduced by Kohler and Milstein See. Kohler 
andMilstein. 1975, yVfl/«/v 256:495 See also. Brown et al. 1 98 1 ../. 
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5 7:539; Yeh et al. 1979. Pnn:. Nal'l. Acad Sd. USA 76:297. Hellsirom et al 1990. 
Cancer Research 50:2 1 83. 

These techniques involve the injection of an immunogen (e.g., cells or cellular 
extracts containing the gp39 antigen or purified gp39, either as native protein, a 

1 0 fragment containing an epitopic site, or a fusion protein) into an animal so as to elicit a 
desired immune response in that animal. Animals commonly used include many 
mammals, e.g., mouse, rat, cow. goat, sheep, rabbit, etc. The immunogen is 
commonly presented to the animal with an adjuvant, e.g.. complete Freund s adjuvent, 
aluminum hydroxide gel, or the like. The animal may then be bled and the blood 

1 5 employed for the isolation of polyclonal antibodies. Alternatively, the peripheral blood 
lymphocytes, splenic lymphocytes (B-cells), or lymph node lymphocytes can be 
employed for fusion with an appropriate myeloma cell to immortalize the genes 
encoding monoclonal antibodies specific for gp39. 

20 In the present invention, the monoclonal antibodies are partially characterized 

by their binding to a series of gp39 mutants. The binding avidity (strength of binding) 
of the antibodies to the mutant gp39 was compared to the binding avidity of the 
antibody to wild-type gp39. Binding avidity was characterized as poor if the 
comparison of the binding avidity to a particular mutant was less than 25-30% of the 

2 5 binding avidity to wild-type gp39; a weak or less profound reduction in reactivity was 

obtained if the binding avidity to a mutant was 25 to 30% to 50-55% of the binding 
avidity to wild-type gp39; a somewhat reduced reactivity was obtained if the binding 
avidity to the mutant was 50-55% to 75-80% of the binding avidity to wild-type; and 
similar or equivalent reactivity was obtained if the binding avidity to a mutant was 75- 
30 80% or greater than the binding avidity to a mutant The antibodies of the present 
invention were also characterized by their isotype, binding to gp39 by Western blot, 
ability to suppress B-cell proliferation and ability to suppress immunoglobulin 
production. 

3 5 While the invention is described by way of examples using murine monoclonal 

antibodies, the invention is not so limited and encompasses the use of, for example. 
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5 human hybridomas (Cote ei al. 1983, Fruc, Nai'L Acad Sci USA **0:2026) or by 
transforming human B cells (e.g., with Epstein Barr Virus (EBV) /// viinO (Cole et al 
1985. inMonoclomil An(ih(Hik\s and Cancer Therapw Alan R Liss, pp 77-96) 

The monoclonal antibodies can be of any of the classes or subclasses of 
10 immunoglobulins, such as IgM, IgD, IgA, IgE or subclasses of IgG known for each 
species of animal. Generally, the monoclonal antibodies can be used iniaci, or as 
epitope binding fragments, such as Fv, Fab, or F(ab')2 



The cell lines of the present invention can find use other than for the direct 
15 production of the monoclonal antibodies. The cell lines can be fused with other cells 
(such as suitably drug-marked human myeloma, mouse myeloma, or human 
lymphoblastoid cells), to produce hybridomas, and thus provide for the transfer of 
genes encoding the monoclonal antibodies Alternatively, the cell lines can be used as 
a source of the chromosomes, or genes, encoding the immunoglobulins, particularly 
20 those regions of the genes encoding the variable or epitope binding regions of the 
immunoglobulin, which can be isolated and transferred to cells by techniques other 
than fusion This can particularly be accomplished by preparing cDNA libraries (from 
mRNA), coding for the immunoglobulin and free of introns, then isolating and placing 
the DNA into suitable prokaryotic or eukaryotic expression vectors Methods for the 

2 5 expression vectors can then be used to transform a host for production of 

immunoglobulin or epitope binding fragments. See, generally, U.S. Nos 4, 1 72, 1 24; 
4,350,683; 4,363,799; 4,381,292, and 4,423,147 See also. Kennel el al 1980, 
Mofiodonal AntihoJies, Plenum Press, New York, and references ciied iherein 

30 More specifically, in accordance with hybrid DNA technology, the 

immunoglobulin or epitope binding fragments of the present invention can be produced 
in bacteria (See, Boss et al 1984, Nmi Add lies. 12 3791 and Wood ei al 1985, 
Naiwe 3 14:446) For example, the messenger RNA transcribed from the genes coding 
for the light and heavy chains of the monoclonal amibodies produced by a cell line of 

3 5 the present invention can be isolated by dilTerentiai cDN A hybriuizaiioit empioyinu 

degenerate cDNA probes derived from DNA sequences known to be common \o 
mature immunoglobulin molecules of the parental cell type The mRNA thai does not 
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5 hybridize will be rich for the messages coding for the desired immunoglobulin chains. 
As necessary, this process can be repeated to further enhance the desired mRN A 
levels. The subtracted mRNA composition can then be reverse-transcribed to provide 
for a cDNA mixture enriched for the desired sequences. The RNA may be hydrolyzed 
with an appropriate RNase and the ssDNA made double-stranded with DNA 

1 0 polymerase I and random primers, e.g.. randomly fragmented calf thymus DNA. The 
resulting dsDNA can then be cloned by insertion into an appropriate vector, e.g., virus 
vectors, such as lambda vectors or plasmid vectors (such as pBR322, pACYC 184, 
etc.). By developing probes based on known sequences for the constant regions of the 
light and heavy chains, those cDNA clones having the gene coding for the desired light 

1 5 and heavy chains can be identified by hybridization Thereafter, the genes can be 
excised from the plasmids. manipulated to remove superfluous DNA, and then 
introduced in an appropriate vector for transformation of a host and uliimate 
expression of the gene. Other methods well known in the art can be used to isolate 
gene sequences which encode immunoglobulin molecules. 
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In the present application, RNA was isolated and cDNA was generated using 
PGR techniques with immunoglobulin constant regions as primers. The PGR amplified 
VH and VL fragments were selected, cloned, and used to determine the nucleotide 
sequences for the variable regions. 

25 

Conveniently, mammalian hosts (e.g.. mouse cells) can be employed to process 
the immunoglobulin chains (e.g., join the heavy and light chains) to produce an imact 
immunoglobulin; and furthermore, secrete the immunoglobulin free of any leader 
sequences, if desired. Alternatively, one can use unicellular microorganisms for 
3 0 producing the two chains, where further manipulation may be required to remove the 
DNA sequences coding for the secretory leader and processing signals, while providing 
for an initiation codon at the 5" terminus of the sequence coding for the heavy chain. 
In this manner, the immunoglobulins can be prepared and processed so as lo be 
assembled and glycosylated in cells other than mammalian cells 

35 
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5 If desired, each of the chains may be truncated so as to retain at ieast the 

variable region, which can then be manipulated to provide for other recombinant 
binding proteins specific for the gp39 epitope recognized by the parental antibody 

One such recombinant binding protein is a chimeric antibody, in which the 
1 0 variable regions of a parental antibody arc rccombined with the constant regions of 
antibodies derived from a different species (e.g., murine variable regions recombined 
with human constant regions). Typically, the variable region of a monoclonal antibody 
of the present invention will be joined with the constant region of a human antibody. 
Chimeric antibodies which are largely human in composition are substantially less 
1 5 immunogenic than murine antibodies. 

Another recombinant epitope binding protein is the single chain antibody In 
such a construct, sometimes called an sFv, one variable region from both the heavy 
chain and light chain of the parental antibody are covalently linked through a peptide 
2 0 linker such thai the epitope binding region is reformed Multivalent single chain 

antibodies comprising heavy and light chain variable regions specific for one or more 
epitopes of gp39 can also be constructed. See EP 0 610,046 and WO 94/13806 for 
how such recombinant binding proteins can be constructed. 



25 Still another type of recombinant binding protein is the humanized antibody 

wherein codons within the framework region of a nonhuman monoclonal antibody are 
changed through various methods of point mutagenesis to encode amino acid residues 
to make the murine framework more resemble a human framework region. See EP 0 
578,515, EP 0 592,106, Jones el al. 1986, Naitnc 321. 5>22: Riechmann et al 1988, 

30 Nature 332:323 Changes can also be made to the complementarity determining 

regions (CDR) to make the entire variable region more resemble the surface character 
of a human antibody. The intention of making the various recombinani binding 
proteins is to alter either the immunogeniciiy of the antibody or an accessory activity 
related to the constant region or other active moiety recombined with the epitope 

35 binding region and to retain the gp39 epitope binding specificity of the original parental 
antibody. 
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This invention further provides compositions of the monoclonal antibodies and 
recombinam binding proteins of the present invention. These compositions can 
comprise the monoclonal antibodies and recombinant binding proteins of the present 
invention labeled with a detectable marker, for example, a radioactive isotope, enzyme. 
1 0 nuorophor, chromophore, etc. Other compositions can comprise the monoclonal 
amibodies or recombinant binding proteins of the present invention conjugated or 
linked to a therapeutic agent, such as a radioisotope, a toxin (i.e., J'seudomonas 
exotoxin), or a chemotherapeutic agent. 

1 5 Conjugation or linkage of the antibody or recombinant binding protein of the 

present invention to the detectable marker or therapeutic agent can be by covalent or 
other chemical binding means. The chemical binding means can include, for example, 
glutaraldehyde, heterobifunctional, and homobifunctional linking agents. 
Heterobifunctional linking agems can include, for example. SMPT (succinimidyl 

2 0 oxycarbonyl-a-methyl-a(2-pyridyldition)-tolume, SPDP (N-succinimidyl3-(2- 
pyridylilithio) propionate and SMCC (succinimidyl-4.(N-male-imidomethyl) 
cyclohexane-I-carboxylate. Homobifunaional linking agems can include, for example 
DMP (dimethyl pimelimidate), DMA (dimethyl suberinidate) and DTBP dimethyl 
dithio-bispropionimidate. 
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Certain protein delectable markers and therapeutic agems can be recombinantly 
combined with the variable regions of the monoclonal antibodies of the present 
invemion to construct compositions which are fusion proteins, wherein the monoclonal 
antibody variable regions maintain their binding specificity and the detectable marker 
or therapeutic agent retain their activity Recombinam methods lo construct these 
fusion proteins are well known in the an 



Phannaceutical compositions comprising monoclonal antibody or recombinant 
binding proteins, either conjugated or unconjugated, are encompassed by the present 
3 5 invemion A pharmaceutical composition can comprise the monoclonal antibody and a 
phannaceutically acceptable carrier. For the purposes of the present invention, a 
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5 "pharmacculically acceptable carrier" can be any of the standard carriers well known in 
the art. For example, suitable carriers can include phosphate buflered saline solutions, 
emulsions such as oil/waier emulsions, and various types orwetiini* agents Other 
carriers can also include sterile solutions, tablets, coated tablets, and capsules. 

1 0 Typically, such carriers can contain excipients such as starch, milk, sugar, types 

of clay, gelatin, steric acid, or salts thereof, magnesium or calcium sterate. talc, 
vegetable fats or oils, gums, glycerols, or other known excipients. Such carriers can 
also include flavors and color additives, preservatives, or other ingredients 
Compositions comprising such carriers are formulated by well known conventional 

15 means. See Remington's Pharmaceutical Science, 15th Ed., Much Publishing 
Company, Easton, Pennsylvania (1980), 



The monoclonal antibodies and recombinant binding proteins of the present 
inventions find many /;/ vhro and ht vivo uses. For example, compositions of the 
20 present invention can find use in vitro to isolate soluble human gp39 and proteins 

having mutations in human gp39 associated with the human disease, such as X-linked 
hyper IgM syndrome The compositions can also find use in diagnostic methods for 
differentiating between hyper X-linked IgM and CVI 

25 For diagnostic purposes, the monoclonal antibodies and recombinant binding 

proteins can be either labeled or unlabeled Typically, diagnostic assays entail 
detecting the formation of a complex through the binding of the monoclonal antibody 
or recombinant binding protein to the human gp39 either at the cell surface or within 
the activated T cell When unlabeled, the antibodies and recombinant binding proteins 

30 find use in agglutination assays In addition, unlabeled antibodies can be used in 
combination with other labeled antibodies (second antibodies) that are specifically 
reactive with the monoclonal antibody or recombinant binding protein, such as 
antibodies specific for immunoglobulin. Alternatively, the monoclonal antibodies and 
recombinant binding proteins can be directly labeled A wide variety of labels can be 

35 employed, such as radionuclides, fiuofcscers, enzymes, enzyme substrates, enzyme 
cofactors, enzyme inhibitors, ligands (particularly haptens), etc Numerous types of 
immunoassays are well known in the an 
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Commonly, ihe monoclonal antibodies and recombinant binding proteins of the 
present invention are used in Huorescent assays, where the subject antibodies or 
recombinant binding proteins are conjugated to a fluorescent molecule, such as 
fluorescein isothiocyanate (FITC). Because many mutant forms of human gp39 are 

1 0 not transported to the cell surface, T cells are isolated from a subject, activated and 
then the cells are permeabilized to allow the labeled antibody or recombinant binding 
protein to penetrate the cell and bind to mutant gp39 wherever it is prescm in the cell 
Binding of the monoclonal antibodies to the intracellular gp39 and an inability to bind a 
soluble form of CD40 at the cell surface demonstrates the presence of certain point 

1 5 mutations in human gp39 has prevented localiraiion of the gp39 molecule to the cell 
surface. This can be associated with human disease, such as X-linked hyper IgM. 
Presence of the bound antibody can be detected by a fluorescence activated cell sorter 
after excess labeled antibody or binding protein is washed away Other conventional 
techniques well known to those skilled in the art can also be utilized 



20 



Kits can also be supplied for use with the compositions of the subject 
antibodies and recombinant binding proteins for detecting the presence of mutant 
human gp39 molecules in solution or on activated T cells. Thus, the subject 
monoclonal antibody and recombinant binding protein compositions of the present 

2 5 invention may be provided, usually in a lyophilized form either individually or in 

combination with antibodies which bind othet specific human gp39 mutants The 
antibodies and recombinant binding proteins, which may be conjugated to a label or 
unconjugated, are included in the kits with buffers, such as Tris. phosphate, carbonate, 
etc., stabilizers, biocides. inert proteins, e g., bovine serum albumin, or the like 
30 Generally, these materials will be present in less than about 5% wt. based on the 
amoum of active antibody, and usually present in total amoum of at least about 
0 001% wt based again on the antibody concentration. Frequently, it will be desirable 
to include an inert extender or excipient to dilute the active ingredients, where the 
excipient can be present in from about I to 99% wt. of the total composition Where a 

3 5 second amibody capable of binding to the monoclonal amibody or recombinant bindinsr 

protein is employed, this will usually be present in a separate vial. The second 
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5 antibody is typically conjugated to a label and formulated in an analogous manner with 
the formulations discussed above. 

The monoclonal antibodies, particularly the recombinant binding proteins, 
single chain antibodies, chimeric antibodies and humanized antibodies, of this invention 

10 can also be incorporated as components of pharmaceutical compositions containing an 
amount of binding protein which is effective, for example, to modulate an immune 
response (i.e., an autoimmune response or allergic reaction) with a pharmaceuiically 
acceptable carrier. Pharmaceuiically accepted adjuvants (buffering agents, dispensing 
agents) may also be incorporated into the pharmaceutical composition Such 

1 5 compositions can contain a single monoclonal antibody or recombinant binding protein 
specific for human gp39. Alternatively, a ploarmaceutical composition can contain 
other biologically active molecules, for example, lymphokines, cytokines, other 
monoclonal antibodies or fusion proteins (i.e., CD28-lg. CTLA4-Ig) 

20 The monoclonal antibodies, recombinant binding proteins and pharmaceutical 

compositions thereof of this invention are particularly useful for oral or parenteral 
administration. Preferably, the pharmaceutical compositions can be administered 
parenterally, i.e., subcuianeously, intramuscularly or intravenously. Thus, this 
invention provides compositions for parenteral administration which comprise a 

25 solution of the monoclonal antibody or recombinant binding protein dissolved in an 

acceptable carrier, preferably an aqueous carrier A variety of aqueous carriers can be 
used, e g , water, buffered water, maltose, 0 4% saline, 0 3% glycine and the like 
These solutions are sterile and generally free of paniculate matter These compositions 
can be sterilized by conventional, well known sterilization techniques The 

30 compositions can contain pharmaceutically acceptable auxiliarv' substances as required 
to approximate physiological conditions such as pH adjust mg and buffering agents, 
toxicity adjusting agents, and the like, for example, sodium acetate, sodium chloride, 
potassium chloride, calcium chloride, sodium lactate, etc The concentration of 
antibody or recombinant binding protein in these formulations can vary widely, i.e., 

3 5 from less than about 0.5%, usually at or at least about ! % to as much as 1 5 or 20% by 
weight and will be selected primarily based on fluid volumes, viscosities, etc., 
preferably for the panicular mode of administration selected 
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Thus, a typical pharmaceutical composition for intramuscular injection could be 
made up to contain 1 ml sterile buftered water, and abou! 50 mg of monoclonal 
antibody. A typical composition for intravenous infusion could be made up to contain, 
for example, 250 ml of sterile Ringefs solution, and 150 mg of monoclonal antibody or 
1 0 recombinant binding protein. Actual methods for preparing parenterally administerable 
compositions will be known or apparent to those skilled in the art and are described in 
more detail in, for example. Remington's Pharmaceutical Science, 1 5th Ed., Mech 
Publishing Company, Easton, Pennsylvania (1980), which is incorporated herein by 
reference. 

15 

The monoclonal antibodies and recombinant binding proteins of this invention 
can be lyophilized for storage and reconstituted in a suitable carrier prior to use. It will 
be appreciated by those skilled in the art that lyophilization and reconstitution can lead 
to varying degrees of antibody activity loss and that use levels may have to be adjusted 
20 to compensate. 

The pharmaceutical compositions of the present invention find use in vrnt to 
inhibit the CD40/gp39 interaction. Blocking this interaction limits both primary and 
secondary antibody responses to T-cell dependent antigens and antibody production 

2 5 specific for these antigens. Therefore, the monoclonal antibodies, antigen binding 

fragments, and recombinant binding proteins can be used to inhibit the activation of B 
cells, modulating or inhibiting autoimmune disease (i.e., psoriasis, rheumatoid arthritis, 
systemic lupus erythematosis, diabetes mellitus, etc.), allergic responses, organ 
rejection or graft-versus-host disease. The compositions can also be used for imaging 

30 tumors which express gp39, wten labeled with a detectable marker When conjugated 
with a therapeutic agent or as a fusion protein with a therapeutic agent, the monoclonal 
antibodies, antigen binding fragment or recombinant binding proteins, can also be used 
to target the therapeutic agent to tumor cells 

35 The pharmaceutical compositions of the preseni invention find use /// vfw to 

inhibit the CD40/gp39 interaction. Blocking this interaction limits both primary and 



27 



WO 96/23071 

5 secondary antibody responses to T-cell dependent aniiuens and aniibody production 
specific for these antigens. 

This invention is illustrated in the Examples which follow This Example 
section is provided to aid in understanding the invention but is not intended to. and 
1 0 should not be construed to. limit in any way the invention as set forth in the claims 
which follow. 

F\AMPLE I 

1 5 Generation and Initial Characterization of Monoclonal Antibodies 

Specific for gp39 - Fusion I 

A. Immunization 

20 A six-to-eight -week-old female BALB/c mouse was initially immunized 

intraperitoneally with 30 ug of agp39.CD8 fusion protein ( ssp39. Hollenbaugh ei al. 
1992. EMBOJ. 77:4313-4321) in a volume of 100 Ml of complete Freund's adjuvam. 
Approximately two weeks later, the mouse was similarly injected except the vehicle 
used was incomplete Freund's adjuvant. Three weeks later the mouse received an 

2 5 intravenous pre-ftision booster injection with 23 ug of sgp39 in a volume of 1 00 m1 of 
phosphate buffered saline (PBS) 

B Fusion 

30 Three days after the pre-fusion booster, the spleen and lymph nodes (axillary, 

popliteal, inguinal, and mesenteric) were harvested These were cut into small pieces 
with a scalpel and then gently pressed between the frosted glass ends of glass 
microscope slides in the presence of incomplete Iscoves medium (Iscove's modified 
Dulbecco's medium supplemented with penicillin and streptomycin to a final 

35 concentration of 100 U/ml and 100 ng/ml. respectively) to loosen lymphocytes fro... 
connective tissue The suspension was gently pipetted to further loosen cells from 
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each other and then the suspension was passed through a cell strainer (Falcon 2350) .o 
remove dumps of connective tissue debris. The cell suspension was washed .wice by 
cemrifugation at 200 g for 10 minutes followed by resuspension of the cell pellet in 
incomplete Iscove's medium. After washing, a viable total leukocyte coum was 
determined by trypan blue exclusion. 

The fusion procedure was based on the methods of Une et al. 1 986 (Me/W.v 
Enzyn,oL121.\S:i-\92). Myeloma cells pC63.Ag8.653, Kearney et al 1979,./. 
/mmrmo/. 123 1 548-1 550) in log phase growth were washed twice by cemrifugation at 
200 g for 5 min. followed by resuspension of the cell pellet in incomplete Iscove s 
medium. The cells were then combined with the washed leukocytes in a 50 ml plastic 
cemrifuge tube at a 1 :4 ratio of myeloma cells to leukocytes and cemrifuged at 200 g 
for 10 minutes. Following aspiration of the medium, the tube was gently tapped until 
the cell pellet became resuspended in the remaining small amoum of medium. After 
incubation of the tube in a 3TC water bath for 1 min.. 1.5 ml of freshly prepared ."^T-C 
, polyethylene glycol-dimethyl sulfoxide solution [50% (w/v) Kodak 1450 polyethylene 
glycol. 5% (v/v) dimethyl sulfoxide, and 45% (v/v) phosphate buflFered saline 
containing no calcium or magnesium, pH 8.0] was added to the cells over a 45 second 
period with constam swiriing of the tube in a 37°C water bath The fusion mixture 
was then diluted with 50 ml of 37»C complete Iscove's medium ((incomplete Iscove's 
medium supplemented with an extra 2 mM L-glutamme and 15% (v/v) fetal calf serum 
(PCS)) over a 90 second period as follows: 3 ml over the first 30 seconds, 9 ml over 
the next 30 seconds, and the remainder over the last 30 seconds The ti.be was 
incubated at 37-C for 10 minutes after which h was cemrifuged al 200 g for 5 minutes, 
the supematam aspirated, and the cells resuspended in 120 ml of hybridoma med.um 
[complete Iscove s medium supplemented with hypoxanthine ( 1 x lO"^ M final 
concentratton), aminopterin (4 x lO' M final concentration), thymidine (1.6 x lo ' M 
final concentration), and 10% (v/v) hybridoma cloning factor (Boehringer Mannheun)] 
The cell suspension was plated into six 96.well cell culture plates (200 ).l/well) 
resulting in a plating density of 243,000 total cells (pre-fusion) per well Wells were 
fed on days 3 and 5 post fusion by replacement of half the supernatant with fresh 
hybridoma medium and assayed for ami.gp39 specific antibody on day 8 
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C. Screeninjj 



Supernatants from cell culture wells having growing cells were initially screened 
for reactivity with the sgp39 protein immunogen as follows. Dynatech Immulon 2 El A 

1 0 plates were coaled with 1 Mg/ml (100 nl/well) of antibody 53-6 (rat anti-mouse CD8, 
ATCC TIB 105) in 0.05 M sodium carbonate/sodium bicarbonate bufler. pH 9 6. The 
plates were sealed and incubated overnight at 4»C. All subsequem steps were 
performed at room temperature. Coating agent was removed and wells blocked with 
blocking reagem ((specimen diluent (Genetic Systems Corp.. Seattle. WA) diluted 1:10 

1 5 in deionized water)] for one hour. Blocking reagent was removed and COS cell 
supernatant containing sgp39 protein, diluted 1:4 in complete Iscove's medium 
containing 2% FCS (2% FCS-lscove's) was added (100 ^I/well) and incubated for one 
hour. Fusion protein was removed and the wells were washed once with 200 m1 of 
PBS-Tween (PBS containing 0.05% (v/v) Tween 20) Cell culture supernatam was 

2 0 then added (50 nl/well) and incubated for one hour The cell culture supernatant was 
removed and the wells washed once with PBS-Tween prior to the addition of 
horseradish peroxidase (HRP) labeled goat anti-mouse IgG (Jackson Immunological 
Laboratories) diluted 1 : 100,000 in blocking reagem followed by one hour incubation 
Excess labeled antibody was removed and the wells were washed three times with 

2 5 PBS-Tween. This was followed by the addition of 1 00 mI/wcII tetramethylbenzidine 
(Genetic Systems Corp.) diluted 1 : 100 in 0 1 M citrate buffer. pH 5.5. containing 
0 015% of a 30% HjOi solution Plates were incubated for 1 5 minutes and ihe 
reaction stopped by the addition of 3N sulfuric acid (50 nl/well) Optical density was 
measured at 450/630 nm on a Bio-Tek Instruments EL3 1 2 Microplate Reader 
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Those cell cuhure supernatants found to be positive for binding to sgp3y were 
then tested for binding to CD72-CD8 fiision protein (sCD72) to assess for amibodies 
specific for gp39 rather than the murine CDS portion of the fusion protein 
Description of the construction of the chimeric gene enci)dmg sCD72 and expression 
35 of the fusion protein transiemly in COS cells are described in Hollenbaugh ei al.. 1 
(incorporated by reference herein in its entirety) The ELISA assay for binding to 



311 



„ PCTAJS96M)11I9 
WO 96/23071 

5 SCD72 was identical to thai described above tor sgp39 except that undiluted COS cell 
supernatant containing sCD72 was used in place of sgp39. 

All supematants that were reactive with the sgp39 and not with sCD72 were 
then tested for their ability to inhibit the binding of CD40.Ig fusion protein to sgp39 

1 0 Briefly. Dynatech Immulon 2 ElA plates were coated with antibody 53-6 as described 
above. The wells were blocked and washed as above and COS cell supernatant 
containing sgp39 diluted 1 :4 in 2% FCS-lscove's was added ( 1 00 nl/well) and 
incubated for 1 hour. The sgp39 was removed and the plates were washed with 200 mI 
of PBS-Tween. Culture supematants were then added (50 nl/well) and incubated for I 

1 5 hour, removed and the wells washed once with PBS-Tween. Purified CD40-lg fusion 
protein (EP 555880) was then diluted to 2 ng/ml in 2% FCS-lscove s, added to all 
wells (50 Ml/well) and the plates incubated for one hour. Excess fusion protein was 
removed and the wells were again washed once with PBS-Tween prior to adding HRP 
labeled goat anti-human IgG (Jackson Immunological Uboratories) diluted 1 10,000 

20 in blocking reagent (50 ^1/well) After a one-hour incubation at room temperature, 

HRP labeled reagent was removed and the plates washed three times with PBS-Tween 
Disclosure of bound HRP labeled reagent and measurement of resulting optical density 
was as described in ELISA assays described above. 



2 5 D. Cloning 
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A number of wells were found which contained antibody specific for gp30 and 
which inhibited the imeraction of gp39 with its ligand CD40 in an ELISA The cells 
growing in these wells were then cloned and subjected to additional screening criteria 



Cloning was initiated with a "mini-cloning" procedure in which cells from 
designated master wells were first plated at a density of 10 or 20 cells per well in 9(>- 
well flat-bottom cell culture plates. One or two plates were established for each 
master well in a culture medium of complete Iscove's medium supplemented with lO-ii 
35 (v/v) hybridoma cloning factor (cloning medium) at a volume of 200 nl/well. Cells 
cultured for 7 to 8 days at which time supematams were again tested for gp.V) 



were 



PCTrtJS96/01119 

WO 96/23071 

5 reactivity and ability to inhibit the binding of CD40-lu to sp39-CD8 fusion protein by 
ELISA (described above) From the wells in each miniclone set that satisfied these 
criteria, one well was cloned Cells were removed from the selected well and diluted 
to a concentration in cloning medium that would provide a calculated density of one 
cell for every two wells. The cells were plated in two half-area 96-well cell culture 
1 0 plates (Cosiar) in a volume of 1 00 or 1 50 Ml/well 

After four or five days of culture, the wells were examined on an inverted 
microscope and those wells containing a single clone were marked. After a further 
three-four days of culture, supematants from all wells were tested for gp39 reactivity 
1 5 (gp39-CD8 fiision protein ELISA. described above) and ability to inhibit the binding of 
CD40-lg to gp39.CD8 by ELISA (described above) Supernatants from wells thai 
were reactive with gp39-CD8. blocked the interaction of CD40-lg with gp39.CD8. 
and came from wells marked as containing single clones were further examined for 
their ability to bind to a Jurkat T cell line that constitutiveiy expressed gp39 on its 

2 0 surface (BMS-1 0. R Mittler. Bristol-Myers Squibb) and to block the binding of 

CD40-Ig fusion protein to these cells Clones that satisfied the latter two criteria were 
selected for further study 

Binding of antibody to BMS-IO cells was determined by fluorescent cell 
25 analysis. Briefly, 250,000 BMS-10 cells were counted, added to each tube, and 

centrifuged at 250 g for 5 minutes. Culture medium was aspirated and 100 ^1 of each 
supernatant containing antibody reactive with gp39-CD8 by ELISA was added to a 
tube. Controls included culture medium only or culture medium containing a negative 
control mouse monoclonal antibody The mixture was incubated on ice for 30 minutes 

3 0 and then 2 ml of 2% FCS-lscove's was added The tubes were centrifuged at 250 g lot 

5 minutes and the supernatant was removed. FITC labeled F(ab')2 goat anti-mou.se 
IgG F(ab')2 (Jackson Immunological Laboratories)) was diluted I 500 in 2% FCS- 
lscove's and 100 m1 added to each tube After a 30 minute incubation on ice. cells 
were washed twice with 1 ml of 2% FCS-lscove's and resuspended in 250 mI of 2% 
3 5 FCS-lscove's prior to analysis on a Becton Dickinson F ACScan^'^ 
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5 Assessment of an antibody's ability to block thebindinj; of CD40.1s to BMS-Ki 

cells used the above procedure except that after washout of unbound anii-sp39 
antibody. CD40.lg, diluted to 20 us/ml in 10% FCS-lscove's, was added to each tube. 
100 nl/tube. After a 30 minute incubation on ice. 2 mis of 2% FCS-lscove's was 
added to each tube, the tubes centrifiiged for five minutes at 250 g. and the 
1 0 supematants aspirated to remove unbound CD40-lg. Instead of an FITC-labeled anti- 
mouse Ig reagent, an appropriately diluted PE- or FITC-labeled F(ab')2 goat anti- 
human IgG (Jackson Immunological Laboratories) was then added to each tube to 
detect bound CD40-Ig. Otherwise, the assay was completed and the cell analyzed as 
described above. 

15 

Following the procedures outlined above, a total of 23 mouse anti-human gp39 
monoclonal antibodies were derived. Each of the monoclonal amibodics was isotyped 
to identify its IgG subclass and their ability to recognize gp39 was further 
characterized. An analysis of epitope specificity differences between the monoclonal 
2 0 antibodies was also carried out, as was the ability of the antibodies to inhibit T cell 
dependent B cell proliferation and immunoglobulin production. 

EXAMPLE 2 

Generation and Initial Characterization of Rat Monoclonal Antibodies 
2 5 Specific for gp39- Fusion 5 



A. Immunization 

A four-week-old female Lewis rat was immunized with 50 ^g of a gp39-CD8 
fusion protein (Hollenbaugh et al.) suspended to a total of 400 ^l in Ribi adjuvant (Ribi 

3D Immunochem) as per manufacturer's instructions. Of this volume, 200 mI was 

administered imerperitoneally (IP) and the remaining volume was equally split between 
two subcutaneous sites. Three weeks later, this animal was re-immunized IP with 
300 Ml of PBS containing 50 pi of gp39-CD8 fusion protein One momh later, the rat 
was again immunized IP with 300 pi of PBS comaining 30 jig of gp39-CD8 Three 

35 and one-half weeks later, this rat received an imravenous (IV) prefusion booster 
injection of 30 Mg of gp39-CD8 in a volume of 300 \i\ PBS 
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B. Fusion and Screening 

Three days later, harvest, preparation, and fusion of the rat spleen and lymph 
node cells to mouse myeloma cells were performed as for fusion 1 described in 
Example I with the following modifications. The rat leukocytes were fused with a 
variant of the X63-Ag8 .653 mouse myeloma cell line termed H 10 which had been 
transformed with the G*" resisunce gene. The cell suspensions from each fusion were 
seeded into seven 96-weU cell culture plates at a plating density of 236.000 total cells 
(pre-fusion) per well and cultured in hybridoma media supplemented with a final 
concemration of 0.25 mg/ml geneticin. 



Supematants from cell culture wells in fusion 3Q-5 were screened tor specific 
reactivity with gp39 using the gp39-CD8 and CD72.CD8 fusion protein ELISA as 
described in Example 1 with the following two modifications Murine anti-murine 
CDS monoclonal antibody produced from the 1 16-13 1 hybridoma (ATCC HB 129) at 
a concentration of 5 Mg/ml, was used as the capture antibody for the fusion proteins 
instead of the 53-6 antibody and HRP labeled murine anti-rat IgG (Fc specific) 
(Jackson immunological Laboratories) at a 1:20,000 dilution, was used as a tracer 
antibody to detect bound anti-fusion protein antibody instead of HRP goat anti-mouse 
IgG. Four wells were found to comain antibody specific for gp39-CD8 and not CD72- 
CD8 fiision protein. Of these, antibody is only one (39-5 .6E9) was found to stain the 
gp39+ cell line BMS- 10 when examined by flow cytometry as described earlier 
Supernatam from this well was subsequently determined to completely block the 
binding of CD40-lg to gp39-CD8 using the blocking ELISA described earlier and to 
completely inhibit the binding of CD40-lg to BMS- 10 cells when assessed by fiow 
30 cytometry. A clonal cell line possessing all the above characteristics was obtained 
through the mini-cloning/cloning process described earlier 
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EXAMPLE 3 

Generation and Initial Characterization of Monoclonal Antibodies 
Specific for gp39- Fusion 7 

10 A. Immunization 

A six-to-eight-week-old female BALB/c mouse was initially immunized 
subcutaneously at four sites with a total of 30 ng of a gp39-CD8 fusion protein in 
complete Freund s adjuvant. Approximately two and five weeks later, this mouse was 
1 5 similarly injected with 30 ng and 25 ng. respectively, of gp39-CD8 except thai the 
vehicle for antigen was incomplete Freund's adjuvant. Five months aBer initial 
immunization, this mouse was injected imraperitoncally with 10 ng of fusion protein in 
incomplete Freund's adjuvant. Two weeks later, the mouse received an intravenous 
pre-fiision booster injection of 30 Mg of gp39-CD8 fusion protein in PBS 



20 



30 



B. Fusion and Screening 



Three days later, harvest, preparation, and fusion of the mouse spleen and lymph 
node cells to mouse myeloma cells was performed as for fusion 39- 1 except thai only 
25 I ml of polyethylene glycol was used to fuse the cells. The cell suspension resulting 
from this fusion was seeded into 10 96.well cell culture plates at a plating density of 
183.000 total cells (pre-fiision) per well. Wells were fed on days 3 and 6 post fusion 
by replacement of half the supernatant with fresh hybridoma medium and assayed for 
anti-gp39 specific antibody on day 9 



Supematants were initially screened for anti-gp39 specificity in an ELISA ba.ted 
cell binding assay Falcon or Costar 96-well flat bottom plates were coaled with 
3.5 Mg/cm' of Cell-Tak (Collaborative Biomedical Products diluted in 0 I M sodium 
bicarbonate. pH 8 0. Plates were incubated at room temperature for 30 minutes 
35 Unbound Cell-Tak was aspirated and the wells washed twice with 1 50 mI/wcII of glass 
distilled water. EMS- 10 cells were centrifuged and resuspended to a concentration of 
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5 2x10^ cdls/ml in serum-free Iscove's medium. Fifty ^1 of this cell suspension was 
added lo each well and the plaies centrifuged for 5 minutes at 250 g fMatcs were then 
incubated at room temperature for 30 minutes after which the medium was aspirated 
from the wells using an eight channel manifold (Dmmmond). Cuhure supemaianis 
were then replica plated onto the assay plates, 50 |il/welL and the plates incubated for 

1 0 1 hour. Supematants were aspirated and the plates washed once with 1 50 nl/well of 
PBS containing 1% FCS. HRP labeled rat anti-mouse IgG (Zymed) diluted in PBS 
containing 5% FCS was added, 50 nl/well. After a one-hour incubation at room 
temperature. HRP labeled reagent was removed and the plates washed three times with 
PBS containing \% fetal calf serum. Disclosure of bound HRP labeled reagent and the 

1 5 measurement of resulting optical density was as described in other ELISA assays 
detailed above. 

As a secondary screen, supernatants from positive wells in the BMS- 10 cell 
ELISA above were assayed for reactivity to sgp39 and sCD72 using the respective 
fusion protein ELISAs described earlier. In this assay, HRP labeled rat anti-mouse 

20 IgG (Zymed) replaced the goat anti-mouse igO used in earlier described assay 
Confirmation of specific reactivity with gp39 positive BMS- 10 cells was then 
performed using indirect immunofluorescence and FAGS analysis as described earlier. 
Supematants were also tested for their ability to inhibit CD40-lg binding to sgp39 
using the blocking ELISA described earlier. Supernatants were further analyzed as to 

2 5 their isoiype using the gp39.CD8 ELISA except for one modification Each 

supernatant was tested in quadruplicate and bound anii-gp39 antibody was then traced 
with four different HRP labeled anti-mouse isoiype-specific reagents (Zymed, rat anti- 
mouse IgGL lgG2a, or lgG2b, #04-6120. 04-6220, and 04-6320, respectively, and 
rabbit anti-mouse lgG3, #61-0420). This overall analysis identified one well that 

30 contained antibody specific for cell surlace expressed gp39, blocked the binding of 
CD40-Ig to gp39-CD8 and was of the lgG2a isotype Appropriate antibody 
producing cells from wells designated .19-7 3E 12, 39-7 7 7G4, and 39-7 4C I were 
minicloned and cloned as described earlier. 
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EXAMPLE 4 

Generation and Initial Characterization of Monoclonal Antibodies Specific for gp3M- 

Fusion 9 

10 A. Immunization 

A six-to-cight-week-old female B ALB/c mouse was initially immunized 
subcutancously at four sites with a total of 30 ^g of gp39-CD8 fusion protein in 
complete Freund's adjuvant. Two. five, 28 and 30.5 weeks later, the animal was 
similarly immunized with 30 ^g, 25 ^& 25 pg, and 25 pg, respectively, of gp30-CDR 

1 5 fusion protein in incomplete Freund's adjuvant. Three weeks later, the animal received 
an IV pre-fusion booster injection of 35 pg g39-CD8 in PBS. 

B. Fusion and Screening 

Three days later, harvest, preparation, and fusion of the mouse spleen and lymph 

2 0 node cells to X63-Ag8.653 mouse myeloma cells was performed as for fusion 39- 1 

except that the ratio of myeloma cells was performed as for fusion 39- 1 except that the 
ration of myeloma cells to leukocytes was 1 .3 instead of 1 4. The cell suspension from 
this fusion was plated into 15 96-well cuhurc plates at a density of 187,000 total cells 
(pre-fusion) per well. 

25 

Supematants from cell culture wells in fusion 39-9 were screened for anii-up3^) 
antibody using the BMS- 10 cell binding ELISA described earlier All positive 
supernatants in this screen were then examined for their ability to block the binding of 
CI>40-Ig to gp39-CD8 using the previously described blocking ELISA Numerous 

3 0 wells positive for both criteria were noted 

in order to identify those wells that contained antibody with a gp39 epitope 
specificity different form that of earlier identified anii-gp39 monoclonal antibodies, 
each of the CD40.1g blocking, BMS-IO positive supernatants were screened by ELISA 
on the series of gp39 mutant proteins described earlier for the epitope analysis of 
35 antibodies from fusion 1. This screen identified several wells, including 39-9.27, 39- 
9.68, 39-9.246, and 39-9.274, for which there was not a significant loss of binding to 
any of the mutants examined 
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In addition,, one well designated 39-9 1 1 denumstiated siunificanily leiliiCL-il 
binding to the K 143/A and especially the N 180/A mutants, a pattern not seen 
previously. It was also shown in this assay that each of these supernatants recognized 
the native sgp39 and not the negative control sCD72 fusion protein. An appropriate 

1 0 antibody secreting clonal cell line for each of these five wells was obtained by limited 
dilution cloning as described earlier. Subsequent flow cytometry analysis of the cloned 
monoclonal antibody from each of the cell lines showed that they all specifically 
reacted with the BMS-10 cell line and all were capable of blocking the interaction of 
CD40-Ig with this cell line. Each of these monoclonal antibodies was isotyped as 

1 5 described subsequently and all except for 39^9.36. which was a murine lgG2b. were 
found to be murine IgG I 

EXAMPLE 5 

Characterization of the anti-gp39 Monoclonal Antibodies 



20 



A. Isotyping 



Each of the murine monoclonal antibodies obtained by the above procedures 
was isotyped to identify its IgG subclass using an Isotype Ab-Stat Kit''" (SangStat 

2 5 Medical Corporation. Menlo Park, C A) or ISOStripTw kit (Boehringer Mannheim) as 
per manufacturer's instructions. The isotype of the rat monoclonal antibody obtained 
in fusion 5 (39-5.6E9) was established using the gp39-CD8 fusion protein ELISA 
described above except that horseradish peroxidase labeled monoclonal antibodies 
specific for rat IgGI. IgG2a. lgG2b. and lgG2c(Zymed Laboratories. San Francisco. 

30 CA) at a dilution of 1 : 1 ,000 were individually employed as tracer antibodies The only 
tracer antibody which bound 39-5 6E9 was the anii-rai lgG2a antibody indicating that 
this monoclonal antibody was an lgG2a. 

The monoclonal antibodies obtained in fusion 7 were analyzed as to their isoiype 
using the sgp39 ELISA except for one modification Each supernatant was tested in 

35 quadruplicate and bound anti-gp39 antibody was then traced with four diiTereni HRH 
labeled ami-mouse isotype-specific reagents (Zymed. rat ami-mouse IgGI. lgG2a. or 
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5 IgG2b. respectively, and rabbit anti-mouse lgG3). The isotypes of the monoclonal 
antibodies of the present invention are shown in Table 1 

B. Western Blot and Immuneprecipitation 

1 0 Western blot evaluation was performed by two different procedures. In one. 

1 .5 ng of purified sgp39 fusion protein in 300 mI of loading dye [250 mM Tris, 0.002% 
(v/v) bromphenol blue, 40% (v/v) glycerol. pH 6.8, 15 ^l of 20% SDS. 10 ^1 of 2- 
mercaptocthanol] was electrophoresed on a 12% SDS-polyacrylamide gel at 1 50 V for 
1 hour. The separated proteins were transferred to nitrocellulose paper with a Bio- 

1 5 Rad mini-blot transfer apparatus according to manufacturer's instructions After 

transfer, the nitrocellulose was allowed to dry at room temperature and then each lane 
was cut from the sheet as wide vertical strips which were placed individually into the 
wells of a Bio-Rad shallow well unit. The strips were incubated in 10 ml of a blocking 
solution of Tris Buffered Saline containing 5% (w/v) non-fat dry milk (TBS-T) for 2 

2 0 hours at room temperature on a flat plane rocker. After incubation, the blocking 
solution was aspirated and the strips were rinsed twice with TBS-T. 

Anti-gp39 monoclonal antibody v«s diluted to a concentration of about 
12 ^g/ml in TBS-T and 3 ml of antibody solution was added to each strip, one 

2 5 antibody per strip, for 2 hours at room temperature with rocking. Excess antibody 

solution was aspirated from each well and the strips were washed five times with 10 ml 
TBS-T After washing, 10 ml of a 1:3.000 dilution of HRP goat ami-mouse Ig (Tago) 
in TBS-T was added to each well. The strips were incubated for two hours at room 
temperature and then washed five times as described above. 

30 

Detection of bound HRP conjugated antibody was performed using ECL 
detection reagems (Amcrsham) according to manufacturer's instructions The 
detection solution was aspirated and excess liquid on the strips was removed by 
touching the end of the strips onto a paper towel The strips were aligned inside a 

3 5 plastic page protector and the protector sealed The sealed protector was then 
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exposed to autoradiography film for variable time periods ( 1 second to 15 minutes and 
the films subsequently processed. 



In a second procedure, 200 ^1 of spent supernatant from COS cells iransfected 
with sgp39 was diluted with 25 ^1 of loading dye, heated to IOO**C for 5 minutes, 

1 0 cooled on ice, and electrophoresed on a 1 0% SDS-polyacrylamide gel. Separated 
protein was transferred to a Bio-Rad PVDP^ membrane using a Hoeffer semi-dry 
transfer apparatus according to manufacturer's instructions After the separated 
proteins were transferred to the membranes, the membranes were allowed to dry at 
room temperature and then the procedure as described alwve was followed to stain the 

1 5 membranes. 

The anii-gp39 antibodies were also tested for the ability to iinmunoprecipiiaie 
gp39 from either transfected COS cells or activated T cells Briefly, COS cells were 
transfected with a cDNA encoding human gp39 by the DEAE-dextran procedure using 

20 ten 150 mm plates at approximately 70% confluency. The following day, the COS 
cells were trypsinized and replatcd in eight T-150 cm^ flasks Media was removed 
after incubating overnight and the cells were washed once with modified Eagle's 
medium without cysteine or methionine (Gibco Seleci-amine Kit) and 20 ml of fresh 
cysteine/methionine-free media containing 0.02 mCi/ml Tran ^^S label (ICN, Costa 

25 Mesa, CA) were then added and the cells were incubated overnight. The following 
day, the media was removed and the cells were rinsed once with PBS and 2 ml of lysis 
buffer (50 mM Tris, 150 mM NaCl, l%NP-40, 0.25% deoxycholaie) comaining 1 nM 
phenylmethyl sulfonylfluoride (PMSF) and 25 ng/ml aprotinin was added to each tlask 
The flasks were placed on ice for 10 minutes, after which the bufl'er was removed. 

30 Aliquois were prepared and centrifuged in a niicrofuge at 4°C at maximum speed for 
two minutes The supernatants were pooled and stored at -70**C prior to 
immunoprecipi tat ion 

Immunoprecipitation was carried out by thawing the transfected COS cell 
3 5 lysaies on ice and dividing the total volume into 10 aliquots To eight tubes. 10 Mg of 
an anti-gp39 antibody was added, while one tube received CD40 Ig as h positive 
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5 control and one received no precipilating agent as a negative control. Samples were 
incubated on ice for 4 hours, after which 100 ^1 of Protein G Sepharose FP^ 
(Pharmacia) was added to each tube. The tubes were incubated on ice for I hour with 
mixing every 10 to 15 minutes. Samples were pulse spun in a microfuge and the 
supernatant was discarded. The pellets were washed by resuspension and pelleting 

1 0 three times with cold lysis buffer, then once with cold PBS. Following the last wash, 
30 til of SDS loading buffer containing p-mercaptoethanol was added to each tube 
Samples were heated at 95°C for 5 minutes, pulse spun and the supernatant loaded on 
a 12% SDS-polyacrylamlde gel. At the completion of electrophoresis, the gel was 
placed in 10% methanol, 10% acetic acid in water for two hours. The gel was then 

1 5 placed in Amplify"^ fluorographic agent (Amersham) containing 10% glycerol for 1 5 
minutes The gel was dried on Whatman 3M paper under vacuum at 80°C for 45 
minutes and exposed to X-ray film at -70*'C for I to 7 days. Results of the assay are 
summarized in Table 1. Positive immunoprecipitations were indicated by the presence 
of a band at the same molecular weight as the CD40.1g control 

20 

Radioimmunoprecipitation ofgp39 from activated human peripheral blood T 
cells was carried out as follows. Fresh heparinized whole blood was diluted I : I with 
PBS and 40 ml was overlayed onto 10 ml of Lymphocyte Separation Media™ 
(Organon Teknika) as described above The sample was centrifuged for 30 minutes at 

25 220 g. Isolated lymphocytes were washed with PBS and resuspended in modified 

Eagle's medium lacking cysteine and methionine containing 10% dialyzed fetal bovine 
serum and 0.02 mCi/ml Tran '*S LabeP*^ at a final cell density of 3 x lO" cells/ml 
Cells were activated by the addition of PMA (10 ng/ml) and ionomycin ( I ng/ml) for 
nine hours, after which the cells were pelleted, the media removed and the cells lysed 

30 with lysis buffer containing PMSF and aprotinin. The cells were incubated with lysis 
buffer for 10 minutes on ice prior to transferring the sample to microfuge tubes and 
cenirifiiging for 2 minutes at 4°C. The supernatanis were pooled and stored ai .70°(* 
until further processing. The precipitation was carried out as described above for 
transfccied COS cells and the results are summarized in Table 1 
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TABLE I 



Summary of Anti-Human gp39 mAbs 



mAb 


Isotypc 


Binding to 

gp3iH 
Jurkat Celts 


Inhibit Binding 
ofCD40-lg to 
cp39+ Jurkat 
Ceils 


Wcsleni 
Blot 
sgp39 


Radioiinnuitic 
Precipitation 


39-1.3 


IgGl 


-f 






+ <a) 


39-1.7 


lgG2b 








^ (a.b) 


39-1.21 


IgGI 


-♦• 






ND 


39-1.25 


IgGl 




ND 




NL) 


39-1.26 


IgGl 








+ (a.b) 


39-1.29 


lgG2a 








(a) 


39-1.37 


IgGl 








ND 


39-1.52 


IgGl 


+ 


-f 




ND 


39-1.59 


IgGl 








ND 


39-1.61 


IgGl 


+ 


+ 




(b) 


39-1.63 


IgGl 








ND 


39-1.77 


IgGl 


+ 






(a.b) 


39-1.93 


IgGl 


+ 


+ 




ND 


39-1.106 


IgGl 








+ <b) 


39-1.109 


IgGl 


+ 




+ 


ND 


39-1.122 


lgG2b 








ND 


39-1.123 


IgGl 




+ 




ND 


39-1.124 


IgGl 






1- 


ND 


39-1.128 


lgG2b 


-t- 


+ 




+ 


39-1.132 


igG2b 










39-1.134 


IgGl 


+ 


+ 






39-1. 13X 


IgGl 




+ 




Kin 


39-1.156 


IgGl 








NIJ 


39-7.3E12 


lgG2n 








ril) 


JT-J .OC7 










ND 


39-7.7G4 


lsG2a 


+ 


4 


-t- 


ND 


39-9.27 


!gGl 






-t- 


ND 


39-7 .4C1 


lgG2b 






-t- 


ND 


39-9.6X 


IgGlb 




+ 


■♦- 


ND 
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39-9.246 


IgGi 






-4- 


ND 


39-9.11 


IgGI 








ND 


39-9.274 


IgGl 








ND 



a - raaioimmunc prcwHii«i« *• w... ©r- 

b - radioimmunc precipitated from activated human T cells 

ND - not done 
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C. Examination of Binding of Ami-Human sp39 Monoclonal Aniibodies with 
Activated and Non-Aciivaicd Normal Human T Cells 

Reactivity of the various anti-human gp39 monoclonal antibodies with activated 

10 and non-activated normal human T cells was assessed by indirect immunoflourescence 
followed by FACS analysis. Human blood mononuclear cells (PBMCs) were isolated 
by diluting whole blood 1.1 with PBS, overlaying 25 ml onto 10 ml of Lymphocyte 
Separation Medium (LSM, Organon Teknika) and centrifuging for 25 minutes at 
450 g. Cells at the interface were collected and washed once in PBS T cells were 

1 5 isolated by incubating the PBMCs with 1 50-fold AET-SRBC (sheep red blood cells 
treated with 0. 143 M 2-aminoethylisoihiouronium bromide (Sigma)) for 5-10 minutes 
on ice. E-rosette positive T cells (E'-T cells) were separated from the remaining cells 
by underlaying vAth cold LSM and centrifuging at 450 g for 25 minutes The pellet 
(containing resetted T cells) was collected and the sheep red blood cells were lysed 

2 0 with 0.83% ammonium chloride for 5 minutes at room temperature Resulting T cells 
were washed once in 2% FCS-lscove's and incubated overnight in 10% FCS-iscove's 
at 1-3 X 10' cells/ml in a humidified 37° C/6% CO2 incubator T cells were then 
activated by the addition of 10 ng/ml phorbol 12-myristate 13-acetate (PMA) (Sigma) 
and 1 ng/ml ionomycin (Sigma) and further incubation of the cells for 5-6 hours A 

2 5 portion of the T cells did not receive PMA and ionomycin but were incubated for a 
further 5-6 hours and are referred to here as non-activated T cells. Indirect 
immunofluorescence and FACS analysis of the anti-human gp39 mAbs on these 
activated and non-activated T cells was performed as described earlier far FACS 
analysis of ami-gp39 antibodies on BMS-10 cells except that FITC labeled goat anti- 

30 mouse IgG (Becton Dickinson) was used as the second step reagent Additionally, a 
murine anti-human CD69 monoclonal antibody (Becton Dickinson) was used as a 
positive control for activation of the T cells In this manner all the anti-gp3y niAbs 
were examined All were found to stain activated T cells and were further shown to be 
completely unreactive with non-activated T cells 

35 
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EXAMPLE 6 
Construction of sp39 Mutant Fusion Proteins 

A. Selection of gp39 Residues Targeted for Substitution 

Residues targeted for mutagenesis on gp39 were selected on the basis of a 
previously derived comparative protein model of the gp39 extracellular region ( Aruflo 
ct al 1993 Cell 72:291-300), on the basis of stmcture-based sequence al.gnmems ol 
gp39 vs TNF.|i and on the basis of the reported crysiallographic conucts in the TNF- 
pm^R complex structure (Banner e,al., .993 re// 7.,:431^5) Computer graphics 
1 5 analysis of the gp39 mode, was carried out using Insight II™ (B.OSYM Technologies 
inc Sar Diego. CA) on a Silicon Graphics Indigo- workstation. Sequences were 
initially al.gned using the GCG programs (Genetics Computer Group Inc.. Mad.son. 
WI) and manually modified uking three-dimensional information and constramts of the 
TNF-P (Eck et al.. 1992./ BloL CHe.. 2.7:21 .9-2122) and the TNF-prTNFR crystal 
2 0 (Banner et al.. supra) structures into account. 

B Construction of gp39 Mutants 

Amino acid substitutions and silem mutations for diagnostic restriction enzyme 
2 5 cleavage sites were introduced into cDNA fragments encoding the extracellular domam 
ofgp39 by using an overlay extension PCR protocol (HO etal.. 1989 Gene 77:51- 
59) The fi.sion genes encoding the mutant soluble gp39 (sgp39) proteins were 
prepared by subcloning the PCR amplified gp39 extracellular domain mutants .n.o a 
mammalian expression vector containing a cDNA fragmem encoding the extracellular 
30 domam of murine CDS (Ly. 2a) (Hollenbaugh et al.. .992. EMBO J. 1 1 :43 .:>-432. , 
The forward and reverse PCR primers used for the gp39 constructs have been 
previously described (Hollenbaugh et al., .«»/««). 
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The PCR primers used for the gpjO mutants are 
El 29/ A 

5' AATCCTCAAAATGCGGCACATGIGAICAGTGCGGCC 
0 AGCA GTAAAACAACA 3* . SEQID*l. 

S131/A-T135/A 
5* CAAAATGCGGCACATfilQAICAGTGAGGCCGCCAG 
TAAAA CAGCATCTGTGTTACAGTGGGCT 3' 
c SEQ ID *2, 



K143/A 

5' AGTAAAACAACATCTGTGCigCASTGGGCTGAAGCA 
GGAT ACTACACCATGAGC 3' SEQ ID #3, 

20 

Y145/A 

5' AGTAAAACAACATCTGTG£ie£AQTGGGCTGAAAAA 
GGAG CCTACACCATGAGGAACACT 3' SEO ID *4. 

25 NI80/A 

5" CAAGTCACCTTCTCTTCCGCTCGGGAGGCTTCGAGTC 

AAG CTCCA 3' SEO ID. #5. and 

F20I/A-E202/A 

30 5" AGCCTCTGCCTAAAGTCCCCCGGfiAGAGCCGCG AGA 

ATCT TACTCAGAGCT 3' SEQ ID, #6. 

The corresponding reverse primers are ilie reverse compliment of the sequences listed 
above. Base changes that encode the alanine are shov^n in bold type The diagnostic 
3 5 restriction sites added or deleted are underlined 



C. Production and Characterization of Wild-Type and Mutant sp39 Proteins 



Wild-type and mutant ,gp39 proteins were produced from iransienily transfecied 
A 0 COS cells as described elsewhere (Hollenbaugh et ai., 1 992 snpia. Noelle ei al., 1 992, 
Pmc. Natl Acad Sci. USA «9:6550-6554) COS cells were transfecied using DEAE- 
dextran. Fony-eight hours post transfection. culture supernatant containing soluble 
wild-type gp39 or soluble mutant gp39 were harvested and used in assays for 
monoclonal antibody binding and determination of epitope specificities on human 
4 5 gp39. 
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5 D. Enzyme-linked Immunoassay for Monoclonal Antibody Binding to ijpr.O Mutant 
Proteins. 

Results of Western blot assays indicated that at least two different epitopes on 
human gp39.CD8 fusion protein were being recognized. Monoclonal antibodies 39- 

10 1.29, 39-1.52, 39-1.61, 39-1.77, 39-1.93, 39-1.106. 39-1.109, 39.1.124. 39-1.134. 39- 
1.156. 39.7.7G4, 39-9.274, 39.9.27. 39-7.4C1. 39-9.68 and 39-9.246, were found to 
bind gp39.CD8 on Western Blot while the remaining antibodies did not In order to 
define further the epitopes recognized by the monoclonal antibodies generated each 
was tested for binding by ELISA to a scries of gp39 mutant proteins containmg single 

1 5 or double point mutations which replaced a native amino acid residue with alanine. 

The ELISA assay used was carried out as follows. Immulon 2 EI A plates were 
coated with 100 ul/well of a 0.8 Mg/ml solution of a monoclonal antibody specific for 
murine Lyt 2 or 2.1 (53-6 (ATCC TIB 105) or 1 16. 13-1 (ATCC HB 129) for fusion 5) 
2 0 diluted in 0.05 M sodium carbonate/sodium bicarbonate buffer, pH 9.6. The plates 
were sealed and incubated overnight at 4«'C. Following incubation, unbound antibody 
was removed and the plates were blocked for 1 hour with specimen diluem (Genetic 
Systems Corporation) diluted 1 :10 in deionized water. After removal of blocking 
agent, 50 ^il/well of appropriately diluted (see belpw) COS cell supcrnatants comaining 

2 5 wild-type or mutam gp39-CD8 fusion protein or a negative control sCD72 fusion 

protein were added. After a 2 hour incubation at room temperature, fusion proteins 
were removed and the plates washed once with 200 pl/well of PBS-Tween Culture 
supematanis comaining gp39-specific amibodies were appropriately diluted (see 
below) in 10% FCS-lscove-s and each was added (50 nl/wcll) in duplicate to wells 
30 containing each of the gp39 or control fusion proteins. As a comrol. 50 ^l/well of 
biotinylatcd rat anti-mouse CDS (see below) was added to each of the ditTerem fusion 
protein containing wells in order to confirm that approximately equal amoun.s of each 
fusion protein was presem in all wells. After a two hour incubation at room 
temperature, unbound amibodies were removed and the plates washed once with PBS- 

3 6 Tween For antibodies from fusions 1. 7 and 9. HRP labeled rat anti-mouse IgG 

(Zymed and HRP labeled streptavidin (Vector Laboratories) were appropriately diluted 
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5 in blocking reagent and 50 |il/well added to wells having previously received anii-up3'> 
antibody and anti-mouse CDS, respeciively For antibodies from fusion 5, HRI* 
labeled mouse anti-rat IgG (Jackson Immunological Laboratories) diluted I 40,000 in 
blocking reagent was added. AAer a one*hour incubation at room temperature, HRP 
labeled reagents were removed and the plates washed three times with PBS-Tween 
1 0 Disclosure of bound HRP labeled reagents and the measurement of resulting optical 
density was as described in other ELIS A assays detailed above 

Two important parameters of the above assay were to demonstrate that similar 
amounts of each of the different fusion proteins were used on (i.e.. bound to) the assay 

1 5 plates and that non-saturating concentrations of anti-gplvO antibodies were used such 
that optical density readings fell within the linear pan of the response curve To 
normalize the amount of fusion protein in all wells, serial dilutions of each fusion 
protein containing COS cell supernatant were evaluated in the assay described above 
and a dilution of each was chosen for final assays which yielded an optical density 

2 0 value in the linear portion of the response curve (usually between 0.3 and 0 0 

absorbance units) that was within ±10% of that seen on wild-type sgp30 when traced 
with biotinylated rat anti-mouse CDS followed by HRP labeled streptavidin The 
optimal dilution of each of the antibody containing supernatants to be used in final 
assays was determined by evaluating serial dilutions of each supernatant on wild-type 

25 sgp39 fusion protein in the ELISA described above. Optimal dilution was defmed as 
that for which a subsequent two-fold dilution yielded a decrease in resulting optical 
density value The optimal dilution as well as two serial two-fold dilutions of it were 
evaluated in final assays on each of the fusion proteins as described above 

30 Reactivity of each of the anti-sp39 mAbs on the six mutant sgp30 fusion 

proteins is shown in Table 2. Values depict the binding iruensity on each mutant 
relative to that observed on wild-type (expressed as a percent) and represent the 
average of duplicate determinations ± the standard error of the mean (SEM) Only 
data from those assays in which the amounts of the different fusion proteins on the 

35 assay plates were indeed similar (as shown by anti-CD8 tracing) and which were 
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5 achieved with a non-saturating concentration of ami-gp39 mAb (usually a two-fold 
dilution of the optimal dilution as defined above) are shown. 

Based on an overall similarity of binding profile on each of the gp39 mutants 
combined with Western blot results, the 32 anti-gp39 mAbs have been divided imo 12 
1 0 groups. Each group is charattcrized by a unique binding pattern which suggests that 
the recognized epitope in each group of antibodies is different. Group I , comprising 
mAbs 39-1.3, 39-1.21, 39-1.25, 39-1.63, 39-1.122, 39-1.123, and 39-1.138, have a 
notable defect in the recognition of mutants E129/A and S13 l/A-THS/A. These 
mAbs also demonstrate a somewhat less profound binding deficiency on mutant 
15 K 1 43/A. Reactivity of these mAbs with mutams Y 1 45/A, N 1 80/A. and F20 1 /A- 

E202/A is similar to wild-type gp39. Group 2 is represemed by a single mAb, 39- 1 59 
This amibody is similar to those in group 1 with regard to strongly reduced binding to 
mutants E129/A. S13 1/A-T135/A, and K143/A but differs in that it also showed 
somewhat weaker binding on mutants Y 145/A, N180/A. and F20I/A-E202A 
20 Antibodies in group 3 (39-1.37 and 39-1.132) and group 4 (39-1. 124 and 39-1. 156) 
are quite similar to each other in that they recognized the E129/A mutant quite poorly 
and showed a profound binding deficiency on mutant K143/A. Reactivity of these 
mAbs with the other mutants was either slightly weaker or equivalent to that observed 
with wild-type gp39. Groups 3 and 4 are clearly different from each other, however, 
25 as indicated by the divergent results seen in Western blot analysis where 39-1.37 and 
39- 1 . 1 32 are blot negative while 39- 1 . 1 24 and 39-1.1 56 are blot positive. Antibodies 
in group 5 include 39-1 .7, 39-1 . 128, and 39-1 .26 They are similar to mAbs in groups 
3 and 4 in that they demonstrated a comparable loss of binding on mutant K 1 43/A but 
differ as evidenced by better recognition of mutant El 29/ A. Binding of these 
30 antibodies to mutants S13 1/A-T135/A, Y 1 45/A, Nl 80/A, and F201/A-E202/A was 
essemially equivalem to that observed on wild-type gp39. Group 6, comprising mAbs 
39-1.52, 39-1.61, 39-1.77. 39-1.93. 39-1.106, 39-1.109, and 39-1.134, are 
distinguished from the other anii-gp39 mAbs by an almost total lack of reactivity with 
mutant F201/A-E202/A. In addition, these antibodies demonstrated a definite 
35 ahhough not as significam reduction in reactivity on mutant K i43/A. Reactivity ofthi.^ 
group of antibodies with the other mutants in the panel was similar to that observed on 
wild-type gp39. Group 7 includes a single amibody, 39-1.29. This mAb is very sinular 



4V 



wo 9603071 PCr/US96«)lI19 

to those in group 6 except that it appears to recojcnize the K 143/A mutant nearly as 
well as wild-type gp39. A single antibody. 39-7.3E12. represents group 8 This 
antibody is notably different from all the others in that ii reacted with all ihe mutants 
quite well with only a slight loss of reactivity on the K 143/A mutant as compared to 
wild-type gp39. [Add discussion of Groups 9-12] 
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Group 9 includes a single antibody. 39-5. 6E9. This antibody shows a similar 
binding avidity to mutant E129/A as observed on wild-type gp39 and a somewhat 
reduced binding avidity on mutants S 13 1/A-T 135/A, N 1 80/A and F201/A-E2002/A 
than that observed on wild-type gp39 What particularly distinguishes this group from 
1 5 the others is a poor binding avidity when compared to binding avidity to wild-type 

gp39 on mutants K 143/A and Y i45/A This antibody was also unable to bind to gp39 
on a Western blot. 

Group 10 as exemplified by antibodies 39-7.7G4. 39-9.27, 39-7.4C I, 39-9.68 
2 0 and 39-9.246 are characterized by their simitar or somewhat reduced binding avidity to 
all the mutants when compared to the binding avidity on wild-type gp39 All of the 
antibodies were also able to bind to gp39 on Western blot. 

Groups 1 1 and 12, antibodies 39-9.1 1 and 39-9.274. are similar in their 
2 5 reactivity pattern on the mutant gp39 proteins, but differ in their ability to bind gp39 
on Western blot. Antibody 39-9. 1 1 was unable to bind gp39, while 39-9.274 does 
bind, on Western blot. The reactivity pattern for both antibodies on the mutant gp39 
proteins was characterized as similar to that of wild-type gp39 for El 29/ A. SI .> I/A- 
T135/A, Y145/A and F201/A-E202/A The binding avidity was somewhat reduced on 
30 mutant K 143/A when compared to the binding avidity on wild-type gp^O and poor on 
mutant N 1 80/A 

Collectively, the gp39 mutant reactivity data coupled with the Western blot 
results define at least 12 different recognition profiles and thus 12 different epitope 
35 specificities among the 32 anti-human gp39 mAbs. As defined above. niAbs in groups 
1, 2, 3, 5, 8, 9 and 1 1 appear to recognize epitopes that are discontinuous or 
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5 confonnalional in nature while the specificiiy of those in groups 4, 6, 7. 1 0 and 1 2 
appear to be specific for continuous or linear sequences of sp39 
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EXAMPLE 7 
Inhibition of T-ccll Dependent B-cell Proliferation 
and Immunoglobulin Production 

Activated T cells can induce resting B cells to proliferate and differentiate into 
immunoglobulin secreting cells. Furthermore, cell contact between activated T ceils 
and B cells is required for B cells to switch from IgM to IgG, IgA or IgE production. 
As the interaction between CD40 and its ligand is thought to play a critical role in 
these processes, it was anticipated that anti.gp39 monoclonal antibodies would be 
capable of interfering with these forms of T cell "help". 



The inhibitory effects of anti-gp39 monoclonal antibodies on human B cell 
activation and differentiation was evaluated in an in viira T cell dependent B cell 
proliferation and immunoglobulin synthesis assay system. In this system (Hirohaia et 
al. 1988. J. Immmwi 140:31i6'314Al activated T cells induce B cell activation. 
2 0 proliferation, and polyclonal antibody production (IgG. IgM, and IgA) in an MHC- 

unrestricted. Ag non-specific mamier. It requires direct contact between B and T cells 
for the observed B cell events to occur and as such is thought to represent a relevant 
//I vitro system to study B ceWT cell imeractions leading to Ab production 

2 5 Briefly, human blood mononuclear cells (PBMCs) were isolated by diluting 

whole blood I : I with PBS. overlaying 25 ml omo 10 ml of Lymphocyte Separation 
Medium (LSM, Organon Teknika) and centrifuging for 25 minutes at 450 g. Cells at 
the imerface were collected and washed once in PBS. Isolated cells were diluted to 
5 X lO'/ml in 2% FCS-lscove's containing 0.25 mM L-leucyl-L-leucine methyl ester 

30 hydrobromide (Leu-LeuOMe. Sigma) and incubated at room temperature for 1 5 

minutes to kill monocytes and NK cells (Ohlin et al.. 1989 lnwwnoloK.v 66 485-490) 
Treated cells were washed twice with 2% FCS-lscove's prior to separation ofT and B 
cells. 



T cells were isolated by incubating the Leu-LeuOMe treated cells with 1 50-101(1 
AET-SRBC (sheep red blood cells treated with 0. 143 M 2-aminoethylisothiouronium 



Vi0 96nMni PCr/US96fl)1119 

5 bromide (Sigma)) for 5- 1 0 minutes on ice E-rosette positive T cells ( E -T cells) were 
separated from the remaining cells by underlaying with cold LSM and centrituging at 
450 g for 25 minutes The pellet (containing rosctted T cells) was collected and the 
sheep red blood cells were lysed with 0.83% ammonium chloride for five minutes at 
room temperature. Resulting T cells were washed once in 2% FCS-lscove's These 

1 0 cells were subsequently treated with mitomycin C (5 x 1 0'" E'-T cells and 40 pg 

mitomycin Oml) for 40 minutes at 3TC and then washed three times with 2% FCS- 
lscove's. B cells were obuined from the interface of the tubes in which E*-T cells 
were isolated from AET-SRBC treated PBMCs by centrifugaiion over an LSM 
cushion (described above). These cells were washed once in 2% FCS-lscove's and re- 

1 5 rosetted with AET-SRBC as described above to remove any residual T cells and again 
centrifugcd over an LSM cushion. Cells at the interface were collected, washed once 
in 2% FCS-lscove's and are referred to here as B cells. 

Costar 96 well plates were coated with 50 pl/well of a 2 fig/ml solution of anti- 
2 0 CD3 monoclonal antibody 64. 1 (Hansen et al.. in Leucocyte Typing. Springer - Verlag, 
Inc.. pp 195-212 ( 1984)) in seaim free Iscove's medium for a minimum of four hours 
at room temperature Excess antibody was aspirated from the wells and 100.000 
mitomycin C treated T cells and 2,000 twice resetted B cells in a total volume of 
150 pi of cuhure medium (Iscove's modified Dulbecco's medium supplemented with 
2 5 1 0% FCS) were added to each well. Supematants collected from hybridomas 

producing anti-gp39 monoclonal antibody or a negative control monoclonal amibody 
were then added to each of three wells. 100 pl/well. Additional wells received the 
same volume of culture medium only After six days oi cuhure in a 37°C incubator 
containing 6% CO2. each set of triplicate wells was assessed for B cell pr(»liferation 
30 and total human IgG and IgM. 

B cell proliferation was measured by tritiaied tliyinidine uptake After removal 
of 100 pl/well of culture supernatant for IgG and IgM analysis (see below), 50 ^1 of 
culture medium containing 1 nCi of I'HJthymidine (New England Nuclear) was added 
35 to each well. After a further S 8 hours of culture at 37T. the plates were frozen. 

thawed, and cells harvested onto glass fiber filter mats with a TOMTEC full plate cell 
harvester. ["-Hlthymidine incorporation was measured with an LKB Wallace Beta-IMate 
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5 liquid scintillaiion counter. Counts from triplicate wells were averaged and are 
presented in Table 3 as a percentage ± 1 SD of the values seen with medium only 
control wells. 

Human IgG and IgM were quantitated by coating Immulon 2 EIA plates 

1 0 (Dynatech) with 1 00 jil/well of a 1 jig/ml solution of goat anti-human Ig (Southern 
Biotechnology Associates) in 0.05 M sodium carbonate/sodium bicarbonate buffer, 
pH 9.6. Plates were sealed and incubated overnight at 4°C Excess antibody was 
removed and plates blocked as described in earlier ELISA assays. Following blocking, 
all wells received 50 ^l/well of 2XPTB (2X PBS containing 2% bovine serum albumin 

1 5 (Intergen) and 1% Tween 20)). Culture supematants diluted 1:10 (for IgM analysis) 
and 1 :40 (for IgG analysis) in culture medium were added to the wells, 50 Ml/well, and 
incubated for one hour at room temperature These dilutions were arrived at in a 
preliminary experiment using serial dilutions of culture supematants from medium only 
wells and selecting that dilution(s) that yielded optical density values near the upper 

2 0 end of the most linear part of the response curve for IgG and IgM. Supematants were 
removed, the plates washed twice with PBS-Tween and HRP labeled goat anti-human 
IgG or IgM (Jackson Immunological Uboratories and), appropriately diluted in 
IXPTB (2XPTB diluted 1:1 with PBS), added to respective wells, 100 ni/well After 
a one hour incubation at room temperature, HRP labeled reagents were removed and 

2 5 the plates washed three times with PBS-Tween. Disclosure of bound HRP labeled 
reagents and the measurement of resulting optical density was as described in other 
ELISA assays detailed above Optical density values from the triplicate wells were 
averaged and are presemed in Table 3 as a percemagc ± 1 SD of the values seen with 
medium only control wells. 

30 

As shown in Table 3. each of the anti-gp39 monoclonal antibodies tested was 
capable of significantly inhibiting the T cell driven proliferation of B cells, resulting in 
values that were only 2-4% of that seen in wells that did not receive gp39 specific 
amibody Concomitantly, the production of IgG and IgM were also significantly 
35 suppressed. 
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5 The inhibitory effect of the various anti-gp39 monoclonal antibodies on T cell 

dependent human B cell immunoglobulin production was further investigated in a mote 
quantitative manner using defined concentrations of purified antibody Antibodies 
were affinity purified from culture supernatants on Protein A Sepharose or 
GammaBind Plus Sepharose columns (Pharmacia) according to manufacturer's 

10 instructions and quantitated by optical density absorbance using an extinction 

coefficient of 1 .4. Experiments were set up as described above with the following 
modifications. Half area Costar 96 well plates were utilized and the concentration anti- 
CD3 antibody used to coat the wells was 4 ^g/ml. All wells received 150,000 
mitomycin C treated T cells and 20,000 B cells in a total volume of 100 pi of culture 

15 medium. Anti-gp39 and negative control antibodies were diluted to 60, 6, and 

0.6 Mg/ml in culture medium and SO pi of each dilution added to each of three wells for 
a final concentration of each antibody in the culture wells of 20. 2 and 0.2 pu/nil 
Control wells received 50 jil/well of culture medium only Cells were cultured for a 
total of 10 days in a 37°C/6Vo C02 incubator at which time supernatants from 

20 triplicate wells were pooled and assessed for total human IgG and IgM Measurement 
of human IgG and IgM were as described above except that each pooled supernatant 
was assayed in triplicate, the supernatants were diluted in 2% FCS-Iscove*s to much 
higher dilutions given the longer period of cell culture (and thus antibody production), 
wells on the assay plates did not receive 2XPTB prior to addition of diluted 

25 supernatants, and HRP reagents were diluted in blocking buffer 
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5 TABLE 3 

Suppression of /// viim B Cell Proliferation and 
Antibody Production by Anti-Human gp39 mAbs 



mAb 


• I^HIThvmidine IncorDOiaiion 
(% of Medium Control) 


Ig Pro 
("/.ofMedii 


duced 

jm Control) 






IgM 


IgG 


39-1.3 


3.5 * 0.7 


33.5 ± 15.4 


60.2 ± 3.6 


39-1.7 


3.3*0.3 


13.9 ±9.1 


3I.X±96 


39-1.26 


2.1 ±0.1 


10.0 ±3.7 


24.0 ± X.3 


39-1.29 


3.9 ±0.7 


43.4 ± 11.4 


39.x ± 6.4 


39-1.37 


2.4 ± 0.2 


20.2 ±4.1 


44.x ± lO.V 


39-1.61 


3.4 ±0.6 


10.6 ±4.6 


32.2 ± 15.0 


39-1.77 


2.1 ±0.6 


n.7±2.l 


4 1 y ± 2. 1 


39-1.106 


2.9 ±0.3 


1 7.9 ±4.9 


2X 6 ± X.3 


39-1.124 


3.5 ± 0.6 


17.0 ±5.7 


36.5 ± \fiM 


39-1.128 


3.1 ±0.5 


2 1.7 ±9.5 


53.3 ± 6.2 


39-1.132 


3.3 ± 0.4 


13.0 ±4.7 


.50. 1 ± 2.0 


39-1.134 


2.3 ± 0.8 


12.5 ±4.1 


33.5 ± 10.2 


39-1.156 


2.7 ±0.1 


12.2 ±4.8 


26.9 ± 5.6 


NcR Com 


87.9 ± 7.9 


87.9 ± 13.8 


114.9 ±2X.5 



Data from these experiments are presented in Table 4 At the highest 
concentration of antibody used, 20 pg/ml, all anti-gp39 antibodies significantly 
inhibited the production of both IgG and IgM. At this concentration, levels of human 
antibody generated were consistently 10-30% of that seen in the presence of medium 
only. As the concentration of anii-gp39 antibody was decreased so lo, in general, was 
the level of inhibition. At the two lowest concentrations of anti-gp39 antibodies 
employed, 2 and 0.2 pg/ml, it was quite apparent that cenain anii-gp3*^J antibodies 
including, in particular, 39-1.7, 39-1.26. 39-1.77, 39-1 IOC, 39-1.134, 39.7.3EI:. and 
39-5.6E9, were much more effective at inhibiting human IgG and IgM produciion than 
were others. This observation suggests that epitope specificity and/or antibody avidity 
is an imponant parameter in the degree to which monoclonal antibodies directed to 
gp39 can interfere with gp39.CD40 interaction 
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TABLE 4 

Comparative Suppression of //' viim B cell Antibody Production 
by Antt-Human gp39 Monoclonal Antibodies 



Monoclonal 
Antibod}' 


Inhibition of in vitro Antibody Sxiithesis 
% of Medium Control ± S D* 




IsM 


20 Ms/ml 


2 |ig/ml 


0.2 Mg/nit 


20 Mg/inl 


2 (ly/ml 


0.2 Mti/inl 


39-1.3 


9±7 


53* 16 


91 * 7 


23*3 


63* 17 


94* 15 


-aft 1 i^*> 

39-1.122 


13 ± 1 


28*6 


70*12 


20*23 


60* 18 


84*6 


39-1.138 


21 ±4 


60* 14 


90*9 


29 * 23 


91 * 29 


101 *22 


39-1.59 


21 ±6 


57* 10 


85*22 


34 * 25 


82 * 35 


84 ± 13 


39-1.37 


18±4 


39 * 23 


74* 16 


26* 16 


62 * 14 


91 * 12 


39-1.132 


11 ± 1 


25* 17 


66* 10 


23 * 24 


60 * 20 


102*23 


39-1.124 


II ± 1 


20 *X 


54 * 20 


21 ±28 


47* 31 


76* 13 


39-1.156 


11 ±6 


15* 13 


43*22 


14*6 


28* 10 


81 * 8 


39-1.7 


I7±X 


12*7 


34* 19 


20 * 6 


27* 12 


58* 15 


39-1.128 


19± 1 


19* 3 


55* 18 


26 * 1 1 


46 * 22 


85* 21 


j9-1.26 


22± IX 


15* 9 


41 * 14 


26* 13 


27*28 


78*2 


39-1 .77 


11 ±6 


16* 5 


38* 16 


23 * 39 


28*24 


68 * 34 


. lUo 


i±2 


11*5 


21 * 12 


27 * 23 


22*21 


41 * 14 


39-1.134 


IU±4 


15*5 


28*7 


23* 13 


27 * 26 


65 * 32 




10 ± 1 


13*3 


49 * 23 


23 * 16 


37 a: 1 1 


Xf. ± 9 




9± 1 


12*4 


37* 16 


11*2 


18 ± |(, 


72 ± 10 




I6±4 


11*5 


20*15 


27*4 


14*12 


33*5 


39-7.7G4 


I2±l 


10*6 


57*10 


19*3 


27*25 


803:14 


39-9.11 


30*6 


31*17 


72*16 


75*35 


74*23 


l(l>*4() 


39-i>.274 


K±l 


14*6 


81*17 


7±X 


38* |y 


77±8 


39-9.27 


13*4 


19*11 


79a2K 


28*14 


41*28 


M)8*23 


39-7 .4CI 


I3±4 


31*7 


74±|iJ 


22*8 


4*J±27 


X7±4 


39-9.68 


29±X 


64*15 


91*17 


.SO* 17 


88±21 


Il4sl7 


39-9.246 


12*7 


21*6 


71*16 


2S)±\(y 


43±?'i 


Wi35 



1 0 •Average ± SD of three indepciideiU expcninenls except for dain compiled ai 20 mS^"*' 
amibod> concentration for which Uiere were onl\ two e.vpcniueius 
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EXAMPLE 8 

Detection of Mutant gp39 in an X-Linked Hyper IgM Patient 



Monoclonal antibodies with different binding characteristics with mutant human 
gp39 were used to determine whether point mutations in gp39 could be recognized in a 

1 0 blood sample taken from an X-linked-hyper IgM patient. In this assay, patients whose 
cells showed positive suining with the gp39 specific monoclonal antibodies, but no 
staining with CD40Ig, the normal ligand, would be known to express gp39 protein that 
is nonfunctional and could be diagnosed as X-HIM. Using a panel of monoclonal 
antibodies, with known differences in epitopes, provides for a greater number of 

15 differing mutations which can be detected in an X-HIM sample. Using this assay, it is 
not totally possible to exclude Common Variable Immunodeficiency as a diagnosis, bui 
it is expected that a significant percentage of X-HIM patients can be detected by this 
approach. A subset of HIM patients, those whose gp39 defect results in a lack of 
internal expression due, for example, to a mutation to a stop codon early in the gp39 

20 coding sequence, also could not be confirmed by this approach. 

Briefly, T cells are isolated fi^om a sample of peripheral blood lymphocytes from 
a patient by Ficoll gradient centrifugation followed by rosetting using sheep 
erythrocytes. Staining of fixed, permeabilized cells was performed using the methods 
2 5 of Jung et al. (7. lmmum»L Methods 159. 1 97-207 ( 1 993 ) with modifications as 
described. 

Isolated T cells were stimulated with PMA (10 ng/ml) and ionomycin ( I Mg/ml) 
in the presence of monensin at 3 mM for three hours The stimulated cells were then 
30 washed with PBS and fixed by incubation in 4% paraformaldehyde in Hank's balanced 
salt solution for 10 minutes at 4**C. The fixed cells were washed once with PBS. then 
permeabilized and blocked by incubation in.blocking buffer (0. 1% saponin, 10% goat 
serum in PBS) for 10 minutes at room temperature 

35 Cells were pelleted and resuspended in 0. r/c saponin, 2% fetal bovine serum in 

PBS and aliquois were prepared for staining at an approximate density of 1x10^ 

5V 
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cells/ml. Monoclonal antibodies were added lo a final concentration of 10 ng/nil and 
the cells were incubated at room temperature for 30 minutes prior to washing twice 
with blocking buffer and resuspension in blockinu buftbr coniainini; FITC-conjuuaied 
goat anti-mouse Fc. After an additional 20 minute incubation at room temperature, the 
cells were washed twice with 2% PBS in PBS and analyzed by flow cytometry. 

As a control and to test the feasibility of detecting gp39 in the interior of a cell 
normal T cells were isolated and treated as above except prior to fixation the cells 
were treated for S minutes with trypsin to remove surface expressed gp39 The cells 
were then fixed and stained as above. A comparison of staining of non-activated with 
activated T cells allows for the demonstration of specific staining within normal T cells 

In Table 5 is provided a summary of staining obtained with T cells isolated fnmx 
an X-HIM patient with anti-gp39 monoclonal antibodies 



TABLE 5 

Summary of Staining of T Cells Obtained 
from X-HIM Patient with anti-gp39 mAb 



1 Antibodx 


CD' 


NC' 


Western 


Isoiypc 


39-1.3 








Gl 


39-1 122 








G2b 


39.1. 13X 








Gl 


39.1.124 








Gl 


39-1.7 








G2I) 


39-1.26 








G2b 


39.1.106 








Gl 


39-1.134 


+ 




+ 


Gl 



1 X-HiM patient CD (Aruftb ei a! 1993, Tc// 72 291 ) 

2 Normal control 
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Biological Activity of Anti-gp39 Monoclonal Antibodies 
in Cynomolgus Monkeys 

10 In this example, two murine monoclonal antibodies binding difterent epitopes of 

human gp39 were examined for testing their ability to bind to activated T cells, block 
the binding of human CD40-Ig to activated T cells, and to inhibit T celWependeni 
immunoglobulin production using peripheral blood lymphocytes isolated from the 
cynomolgus monkeys Macacca fascicularis and Macacca nemesirimi. The results 

1 5 using PBL from these non-human primates were similar to those obtained using human 
PEL, supporting the use of the macaque as an appropriate animal model 

To test for the ability of the antibodies to bind lo macaque T cells. Mucacui 
mmesiriiia znd Macacca fasciculahs peripheral blood mononuclear cells (PBMC) 

2 0 were isolated by diluting whole blood 1 : 1 in PBS and overlaying 25 ml onto 10 ml of 

95% Lymphocyte Separation Medium (Organon Teknika)/5% PBS and centrifuging 
for 25 minutes at 450 g. Cells at the interface were collected and washed once in PBS. 
T cells were isolated by incubating the PBMCs on ice with I50x AET-SRBC (sheep 
red blood cells treated with 0.143 M 2-aminoethyl- isothiouronium bromide 

2 5 hydrobromide (Sigma) for 5 to 1 0 minutes E-rosette positive T cells were separated 
by underlaying with cold LSM and ccntriftiging at 450 g for 25 minutes SRBC in the 
pellet were lysed with 0.83% ammonium chloride for 5 minutes at room temperature. 
Resulting T cells were washed and incubated overnight in 10% FCS-lscove's medium 
at I to 3 X ID" cells/ml in a humidified incubator at 37»C. 6% COj. T cells were then 

30 stimulated with PMA (Sigma) and ionomycin (Sigma) at 10 ng/ml and I 

respectively in 10% FCS-lscove's for 5 to 6 hours in a humidified incubator at :->TC 
2.5 X 10' activated T cells per 1 1x75 mm tube were cemrifuged at 250 g for 5 niinutes 
and culture medium aspirated. 

3 5 Supernatanis ( 1 00 \x\) collected from the growing hybridomas comaining 

antibodies 106 or 7 or a negative control antibody were then added to each tube and 
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5 incubated on ice for 30 minutes. Two milliliters of 2% FCS-lscovc's medium was 
added to each tube and the tubes were centrifuged at 250 g for 5 minutes before the 
supernatant was aspirated FITC-iabeled rat anti-mouse IgG polyclonal antisern 
(Zymed) diluted 1:50 in 2% FCS*Iscove's medium was added to each tube at 
100 |il/tube and incubated on ice for 30 minutes. Cells in each tube were washed twice 

1 0 with 1 ml of 2% FCS-lscovc's medium. Cells were then stained with a phycoerythrin- 
mouse anti-human CD4 monoclonal antibody, washed, and finally suspended in 
250 pl/tube of 2% FCS-lscove's medium prior to analysis on a Becton Dickinson 
FACScan. As can be seen in Figure 1 monoclonal antibodies 7 (39- 1 .7) and 106 (39- 
1 . 106) were both capable of recognizing activated human (Figures I A and 1 B) and 

1 5 macaque (Figures I C and I D) CD4' T cells 

Monoclonal antibodies 7 and 106 were also tested for their ability to block the 
binding of a CD40-lg fusion protein to activated macaque cells T cells were isolated 
and activated as described above. Following activation. 2.5 x 10^ T cells were added 

20 to 1 lx7Smm tubes and centrifuged at 250 g for S minutes The culture medium was 
removed by aspiration and 100 mI of supernatant containing anti-gp39 monoclonal 
antibodies 7 or 106, medium only, or negative control antibody were then added to 
each tube for a 30-minute incubation on ice. Supernatants were then diluted with 2 ml 
of 2% FCS-Iscove*s medium, the tubes centrifuged at 250 g for 5 minutes and the 

25 supernatant removed by aspiration. CE>40-lg diluted to 20 Mg/mi in 10% FCS-lscove's 
medium was then added to each tube, 1 00 ^I/tube, and incubated for 30 minuies on 
ice. Two ml of 2% FCS-Iscove*s medium was added to each tube, and the tubes were 
centrifuged at 250 g for 5 minuies. The supernatants were removed to aspiration and 
phycoerythrin or fluorescein labeled F(ab')^ goat anti-human IgG(Fc) (Jackson 

30 Laboratories) was diluted 1 :5,000 or 1 :500 respectively in 10% FCS-lscove's medium 
and added to the cells After a 30 minute incubation on ice. the cells were washed 
twice with I mi each of 2% FCS-lscove's medium and fmally suspended in 250 ul of 
2% FCS-lscove's medium per tube prior to analysis on n Becton Dickinson FACScan 
The data is plotted in Figure 2 and demonstrates thai both murine anii-gp39 

35 monoclonal antibodies 7 and 106 were capable of inhibiting the binding of human 

CD40-Ig to activated human (Figures 2 A and 2B) and macaque (Figures 2C and 2D) T 
cells 
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To test the ability of monoclonal antibodies 7 and 106 to block the ability ofB 
cells to produce antibodies after contact with activated T cells, peripheral blood 
mononuclear cell (PBMC) were isolated from Macavcafasciailaris monkeys as 
described above. 



The T cell fraction was treated with mitomycin C (5 x 10* T cells and 40 Mg 
mitomycin C (Sigma) per ml) for 40 minutes followed by three washes with 1 0% FCS- 
Iscove's medium. The B cell frartion (the interface layer from LSM centrifugation) 
was re-roseited with AET-SRBC to remove any residual T cells. 96.well half area 

1 5 plates (Costar) were coated with 50 pi of a 4 pl/ml solution of anti-CD3 antibody (FN- 
18, Clark. E. A. el al.. 1987, Eur j. Immunol. 17:1799-1805) in serum free Iscoves 
medium for a minimum of four hours at room temperature. Excess antibody was 
aspirated from the wells and 1.5 x lO' mitomycin C treated T cells and 5 x lO' twice 
rosetted B cells in 10% FCS-lscove's medium were added. Purified ami-gp39 and 

20 control antibodies were diluted in 10% FCS-lscove's medium to a final concentration, 
in culture, of 10, I, 0.4 and 0.1 pg/ml and added to the wells. After 10 days, culture 
supernatant from triplicate wdls were pooled, diluted, and assessed for total macaque 
IgG and IgM. 

2 5 Macaque IgG and IgM were quantitated as described for human IgG and IgM 

except that supernatants were diluted 1 :640 and 1 :40 for IgG and IgM analysis, 
respectively The results of the assay, when a concentration of 0 4 ng/ml is used are 
seen in Figure 3 and arc expressed as the percent of total IgG and IgM compared to 
cultures treated with culture medium only in the absence of antibody. Antibodies Exa 

3 0 and I VA7 are isotype matched controls for monoclonal antibodies 1 06 and 7 

respectively. Above, both monoclonal amibodies 7 and 106 were capable of inhibiting 
T cell dependent IgG and IgM antibody production by macaque B cells in a manner 
very similar to that seen with human cells. These data suggest that the cytiomoigous 
monkeys would be a suitable non-human animal model to evaluate the in vm, activity 
3 5 of the anti-human gp39 monoclonal antibodies. 
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EXAMPLE 10 

Ability of Murine Anti-Human gp39 Monoclonal Antibodies 
to Suppress T Cell Dependent Antibody Response In Cynoniolyus Monkeys 



In this example, three gp39-binding proteins, murine monoclonal antibodies 7 
and 106 and a human recombinant CIMO-lg fusion protein, were evaluated for their 
ability to suppress the primary T cell dependent antibody response to antigens 
following intravenous administration to the cynomolgus monkey Macacca fascicularis 
At the unoptimized dose level tested, monoclonal antibody 106 suppressed the 
humoral response, demonstrating the efficacy of anti-gp30 administration to suppress a 
T cell dependent humoral response in primates. 

Four groups consisting of one male and three female macaques were treated 
with 4 mg/kg of monoclonal antibodies 7 or 106, or a control antibody IGI (specific 
for Pseud€)monas aerughiosa protein F) or CD40-lg on days 1,3,5,8, 10 and 1 2 
(course 1), and on days 50, 52, 54, 57, 59, and 61 (course 2). In addition, each animal 
was immunized intravenously on day I (primary immunization) and day 50 (secondary 
immunization) with 1 .7 ml/kg of a 10% mixture of sheep red blood cells, a T cell 
dependent antigen Following the elimination of all gp39-binding proteins from the 
sera of the animals to below detectable levels, each animal was re*immunized with 
sheep red blood cells and co-immunized with 10 mg/animal of the neoantigen keyhole 
limpet hemocyanin (KLH). 

Serum was collected weekly and anti-sheep red blood cell antibody and anti- 
KLH antibodies (IgG and IgM) were assessed by ELIS A Antibody liters to sheep red 
blood cells were assayed by coating Imniulon 1 plates with SRBC membranes at a 
concentration of 5^g/ml in PBS and incubating 12 to 18 hours at 4®C The excess 
solution was removed and the plates were washed with PBS-Tween. After washing 
the plates were blocked with PBS-Tween for 1 hour at room temperature Serum 
samples were diluted serially in PBS-Tween and 60 ^ll was transferred to each well of 
the antigen coated plate The diluted serum samples were incubated with the antigen 
for 1.5 hours and the excess sample was removed prior id washing the plates with 
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5 PBS-Twecn. Goat ami-human F(ab*)2 fragment IgG or IgM (Jackson Laboratories) 
diluted 1 : 10,000 100 |.il were added to the appropriate wells and incubated for I hotir 
at room temperature. After incubation the wells were washed with PBS*Tween and 
tetramethyl benzidine (Genetic Systems Corporation) diluted 1:100 in substrate buffer 
(Genetic Systems Corporation) was added. Substrate was allowed to incubate for 1 5 
1 0 minutes at room temperature prior to the addition of 1 N H2SO4 to stop the reaction 
Absorbance values were recorded at 450 nm/630 nm using a microtiter plate reader 

Antibody titers to KLH were determined in a similar assay as above. Briefly, 
Immulon II plated were coated with KLH (Pacific BioMarine Labs) at 10 |il/ml in 0.05 

15 M carbonate/bicarbonate buffer, pH 9.6 for 12 to 18 hours at 4'*C. The plates were 
washed with PBS-Tween and the plates were blocked with Specimen Diluent (Genetic 
Systems Corporation) diluted 1 : 100 with distilled water for I hour at room 
temperature Serum samples were serially diluted four fold in Specimen Diluent 
starting at 1/50 Sixty ^I/well of each sample dilution was transferred to the antigen 

20 coated plates and incubated for 1 hour at room temperature. The remainder of the 
assay was carried out as described above, except goat anti-human F(ab')3 fragment 
IgG and IgM were diluted 1 :5,000. 

In Figures 4 A and 4B data is presented which demonstrates that at the 
25 unoptimized dose tested, monoclonal antibody 106 was capable of suppressing hi \>ivn 
the ability of a macaque to mount a primary response to the sheep red blood cells The 
suppression was not complete, but was approximately 10 to 15 fold more than that 
observed for the other anti-gp39 blocking proteins tested Following the secondary 
immunization none of the proteins showed clear evidence of suppression, although 
30 anti-SRBC titers in the 106 treated group were significantly lower than in the other 
treatment groups. Monkeys in all of the groups received 10 mg KLH intramusculariy 
as a primary immunization on day 106 to investigate the ability of the monkeys to 
respond to a new antigen. Figure 5 shows that all groups of monkeys were able to 
mount a strong response to KLH, demonstrating that the treatment with anti-gp39 
35 binding proteins was not nonspecifically immunosuppressive 
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5 In another study, anti-human gp39 monoclonal aniibody 106 was administered 

to cynomolgus monkeys at 20 mg/kg on days 1 , 3 and 5 An anti-tumor associated 

murine monoclonal antibody, L6 ATCC HB 8677, was used as a negative control All 

animals were immunized intravenously on day 1 with a sheep red blood cell suspension 
■ 

(1.7 ml/kg of a 10% suspension) just prior to administration of the test compound 
1 0 Blood samples were taken prior to administration of the sheep red blood cells or 

murine monoclonal antibodies and on days 8, IS, 22, 29, 36 and 43 Serum samples 
were tested for IgG and IgM antibody titers to sheep red blood cells. 

The data from this experiment as seen in Tables 0 and 7, demonstrate that 
15 murine anti-human gp39 monoclonal antibody 106 significantly reduced the ability of 
the monkeys to mount a T cell dependent immune response to the sheep red blood 
cells. These data confirm the results of the experiments carried out in mice with 
antibody 106 specific for murine gp39 and the /// vifro studies with monkeys and 
human peripheral blood lymphocytes with murine anti-human gp39 monoclonal 
20 antibody. 
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IgG Anti-Sheep Red Blood Cell Response 



10 





Animal 


Sex 


Ptc- 
dose 


Day 8 


• 

Day 15 


Day 22 


Day 2*; 


Da> 
36 


Day 
43 




223 


Male 


30» 


30 


30 


10 


<M> 


10 


01 




224 


Male 


90 


90 




30 




yn 


*>0 


Group 1 
mAb 106 


225 
226 


Female 
Female 


10 
10 


<!0 
10 


<J0 
<I0 


<I0 
<10 


<I0 

<10 


Kto 


2430 
•X) 








227 


Male 


10 


270 


KiO 


HIO 


XIO 


xin 


i/o 


Group 2 


228 


Male 


30 


270 


2430 


XIO 


XIO 


Xtn 


XIO 


mAb L6 


229 


Fanalc 


3i» 


2430 


72VO 


2430 


24311 


XII) 


XIO 




230 


Fanaic 


ND 


ND 


ND 


ND 


ND 


ND 


ND 



1. AnllDOay lucrs, , ■ 

dilution which is greater than two times above the plate background mean 

2. ND. not done 
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IgM Anti-Sheep Red Blood Cell Response 
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Aiiinial 


Sex 


Prc- 
dose 


Day X 


Day 15 


Day 22 


Day 29 


D:i> 
• 3f. 


D;i> 
43 




223 


Male 


90' 


810 


27(» 


90 


31) 


30 


30 


Group 1 


224 


Male 


30 


81(» 


810 


270 


270 




90 


ixiAb 106 






















225 


Female 


30 


270 


90 


90 


90 


2430 


2430 




226 


Female 


90 


27U 


270 


270 


XIO 


2430 


2430 








227 


Male 


270 


HIO 


2430 


XIO 


XIO 


XIO 


XIO 


Group 2 


22X 


Male 


30 


21X70 


2IX7U 


7290 


72*il» 


2430 


2410 


jiiAb L6 






















229 


Female 


90 


729(> 


72 


2430 


2430 


2430 


XIO 




230 


Fei»alc 


90 


2430 


2430 


2430 


XIO 


XIO 


XIO 



1. Antibody titers, the endpoint titer reported is defined as the reciprocal of the 
dilution which is greater than two times above the plate background mean 



EXAMPLE 1 1 

Construction of Recombinant anii-gp39 
Single-Chain Variable Regions 

In this example, the nucleotide sequences of the heavy chain variable region 
(VH) and the light chain variable region (VL) of two ami-human gp39 monoclonal 
antibodies [39-1.7 (7) and 39-1. 106 (106)] are determined and isolated The DNA 
fragments encoding the VH and VL of each monoclonal antibody were then assembled 
into a continuous expression cassette using an intervening sequence encoding a 
(GlyaSer)? linker The cassettes were expressed in mammalian cells and functional 
activity of the recombinant single chain antibody (sFv) molecules were determined 

A Isolation of RNA. cDNA Synthesis and PCR Amplification 

RNA was isolated from 5 x lO' clone 106 or clone 7 hybridoma cells using an 
mRNA isolation kit (Stratagene, LaJolla, CA) cDNA was generated from ihe RNA 

6X 
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5 using the SirataScripi RT-PCR kit (Stratagene, LaJolla. CA) and imniunoglobulin 

constant region spectflc antisense primers. The Ck-specitic primer was complementaty 
to nucleotide sequence 228 to 2S7 of the murine kappa light chain constant region 
This primer was used for first strand synthesis of both the clone 106 and clone 7 VL 
cDNAs. An IgGrspecific antisense primer or an lgG2h-specific antisense primer were 
1 0 used to generate clone 106 and clone 7 VH cDNAs, respectively. The IgGi-specific 
antisense primer was complementary to nucleotides 100 to 121 of the murine Igd 
CHI region and the IgGab-specific antisense primer was complementary to nucleotides 
101 to 123 of the murine IgGjb CHI region. First strand reactions were set up using 
300 ng of antisense primer and 0.5 ^ig mRNA. 

15 

The cDNAs were purified using Geneclcan^" (Bio 1 01. LaJolla, CA) and 
subsequently poiyG-tailed with 10 mM dGTP and terminal deoxynucleotidyl 
transferase (Stratagene) for I hour at 37X. Poly G-tailed cDNAs were purified again 
using GeneClean™. Two |il of each cDNA were amplified by anchor-PCR (Saiki et 
20 al, 1988. Science 239:487-491) in a total volume of 100 ^1 using 20 ^iMol of each 
dNTP, 100 pM of sense and antisense primers and 2U Taq polymerase. The sense 
primer contained a region complementary to the polyG tail (Loh el al. 1989. Science 
2432M'220) and a A7)a/ site (underiined) 

2 5 5 -CGTCG AICIAGAGC ATGTGC AAGTCCG ATGAGTCCCCC 

CCCCCCCCC-3' Seq I D No 7 

The antisense primers were nested primers containing a Huidlll site (underlined) and 

annealed to either nucleotides 101-125 of murine Cx 

3 0 5VCGTC ATAAiSCHCAGG AAGCAC ACG ACTGAGGC AC-3* 

Seq. I.D. No K ' 

or to nucleotides 47-69 of murine IgGi CH I 

5*-CGTCATAAG£IIGTCACCATGGAGTTAGTTTG-3' 
35 Seq. I.D No 9 

or to nucleotides 38-62 of murine igG2h CHI 

6'> 
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5-CGTCATMGCIIGAACCAGTTGTATCTCCACACCCAG..r 

Seq I D No 10 

Reactions were carried out in a Perkin-Elmer Cetus thennal cycler (Norwalk, CT) with 
a 33 cycle program of 30 sec. denaturation at 94*^0, 90 sec annealing at 45**C and 90 
sec. extension at 72^C. 

PCR-amplified VL and VH fragments were digested with Xhal and HhiJIII, 
ligated into the pUC19 vector and transformed in DH5a /•'. co//. Clones containing 
VL or VH were identified by DNA sequencing. Consensus sequences for clone 106 
(Figure 6 A and Figure 6B) or clone 7 (Figure 7 A and Figure 7B) were determined by 
analyzing the sequence of multiple VL or VH clones and alignment of the deduced 
amino acid sequences with previously published murine VL and VH sequences (Kabat 
ct al. 1987 U.S. Department of Health and Human Services) The nucleotide and 
deduced amino acid sequence for clone 106 VL and VH are depicted in Figure 6A and 
Figure 6B (Seq. I.D. Nos. 1 1 through 14) and the nucleotide and deduced amino acid 
sequence for 7 VL and VH are depicted in Figure 7A and Figure 78 (Seq I D No 15 
through 18). 

B. Construction of Clone 7 and Clone 106 sFv Expression Cassettes 

Single chain sFv were constructed in the VL-VH orientation for both 7 and 106, 
each cassette containing an intervening (Gly4Ser):, linker (Huston et al 1988. 1'roc. 
Natl Acad. ScL USA *5: 5879-5883) To create the 106 VL-VH cassette, the clone 
106 VL gene was reamplified from the pUCI9 sequencing construct using a sense 
PCR primer ( 106 yI Sail) that encoded a Sail site immediately prior to sequence 
encoding the first residue of the mature VL The aniisense primer ( I0(> ylvlLK.'^*) was 
complementary to sequence encoding the last nine residues of the VL and the first 12 
residues of the (Gly4SerXi linker Additionally, the 106 VH was reamplified from the 
pUCI9 sequencing construct using a sense primer ( iOb 7ivhLK5') ihai encoded the last 
1 1 residues of the (Gl vaSer)? linker followed by the first nme residues of the mature 
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5 VH and an antiscnse primer ( l06vhBcll) complementary to sequence encodinu the lasi 
nine residues of the VH region and a Hdl site. The modified VL and VH PCR 
products were then purified using Geneclean^M (BioIOI, LaJolla. CA) and were added 
to a sipgle PCR reaction in the presence of excess sense VL (106 ylSall) and amisense 
VH (106vhBclI) primers so that DNA encoding the individual 106 VH and VL 
1 0 domains were linked imo a single coding region by overlap extension PCR. 

Similarly, to create the 7 VL-VH sFv cassette, the 7 VL gene was reamplifieii 
from the pUC19 sequencing construct using a sense PCR primer (7 y2bSall) that 
encoded a SiH site immediately prior to sequence encoding the first residue ol the 

1 5 mature 7 VL; and an antisense primer (7 Y2bvl LK3') complememary to sequence 
encoding the last nine residues of the VL and the first 12 residues of the (Gly^Ser), 
linker. DNA encoding 7 VH was reamplified from the pUC 19 sequencing construct 
with a sense primer (7 Y2bvhLK5') encoding the last 1 1 residues of the (Gly4Ser)-, 
linker followed by the first nine residues of the mature VH and an antisense primer (7 

2 0 Y2bvhBclI) complementary to the sequence encoding the last nine amino acid residues 
of the VH region and a Bfill "le DNA encoding 7 VH and VL were linked into a 
single coding region by overiap extension PCR using excess VL sense (7 Y2bSalI) and 
VH antisense (7 Y2bvhBcU) PCR primers. 
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TABLE 8 



Primers Used to Construct Clone 7 and Clone 6 sFv Expression Cassettes 



Primer 


Sequence (5* to 3')' 






7 r2bSall 


ATCGTCTAGGTCGACATTGTGrTnArArArJTrTrrrnT-rrrr 

SEOID #19 


7 y2bVlLK3' 


GCCACCCGACCCACCACCGCCCGAGCCACCGCCACCCCGTrTT 
AnTCCAACTTTGTCCC. SEO ID #20 


7 y2bVhLK5' 


TCGGGCGGTGGTGGGTCGGGTGGCGGCGGATCTGAGnTrrAr. 
CTGCAACAGTCTGGACCT. SE0ID#2I 


7 Y2bBclI 


TCAGTGCTQAICAGAGGAGACTGTGAGAGTGGTGCCTTGGCC 

SEO ID #22 


l06ylSal) 


ATCGTCTAGGTCGACATCCAGATGACTCAGTCTCCAGCCTCC 

SEO ID 


I06yIVILK3' 


GCCACCCGACCCACCACCCCCAGCGCCACCGCCACCCCGTTTC 
AGCTCCAGCTTGGTCCC. SEQ ID #'4 


l06ylVhLK5' 


TCGGCCGGTGGTGGGTCGGGTCGCGGCGGATCTGAAGTGAAG 
CTGGTGGAGTCTGGGGGA. SEQ ID 


l06ylBcll 


TCAGTGCieAICAGAGGAGACGGTGACTGAGCTTCCTTGACC 

SEO ID. #26 



1 Restriction sites underlined 



The 1 06 and 7 VL-Iink- VH sFv yene cassettes were assembled for sFv-ly 
expression in a variant ofpUClQ called pUC-lg that has been passed through a dan}* 
strain of £. colt (NEB 208) to allow restriction enzyme cutting at the tidJ site This 
vector contained the L6 Vic leader sequence inserted as a HtpiJ/JUSa/I fragment and a 
Bcil site preceding sequence encoding the hinge-CH-CH ; of human IgG, as cDNA, 
followed by a stop codon and an Xha/ site The cysteine residues in the hinge region 
were mutated to serines to favor the production of mononieric sFvlg (Hayden ei a! 
1994, TherapeuiiclnwumoL y:3-15) The 106 and 7 \'L-link-VH sFv gene cassettes 
were cut with SaU and Bell and were ligated into pUC-lu DH5a E. vah were 
transformed with the constructs and colonies were screened for inserts 

The entire L6Vi leader/VL-link-VH sFv/human Ig cassettes for both the 106 
and 7 sFv were cut from pUC-lg using Hhidlll and Xhal and were transferred to the 
pCDMS mammalian expression vector Following ligation of 7 and 106 sFv 
expression cassettes into the modified pCDM8 vector the plasmids were amplified in 
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5 MCI06 l/p3 £. coU cells and DN A was recovered and purified .for transfection into 
COS cells. 

C. COS Cell Transfection, Purification, and Characterization of sFv-lg Fusion 
Proteins 

10 

COS cells were transfected with expression plasmids as previously described 
(Linsley et al. \99\,J. Exp. Med 173:72\'130. Aruffo and Seed, 1987. Proc, Nafl 
Acad, ScL USA W:8573-8577). Plasmid DNA was added to transfection media at 
1 ng/ml in a total volume of 12 ml/150 mm plate. After 7 to 10 days spem culture 
1 5 supernatant was pooled and cellular debris was removed by low-speed cenirifusaiion 

106 and 7 sFv-lg were purified by applying clarified supernatant to a column of 
immobilized protein A (Repligen Corp., Cambridge, MA) equilibrated with 0.05 M 
sodium citrate, pH 8.0 (Lmslcy ct al. 1991. .7. Exp, Med 77.?: 72 1-730). For 500 ml of 
20 supernatant, 1 ml of packed bed volume of protein A was used. After loading the 
column (1 ml/minute), thie column was washed with 100 mM potassium phosphate, 
pH 8.0, and bound protein was eluted with 0.05 M sodium citrate, pH 3.0. Fractions 
were neutralized, pooled and dialyzed against PBS. Protein concentration was 
determined using a commercially available protein assay kit (Bio-Rad, Richmond, CA) 

2 5 based on the Lowry technique. 

Expression levels and molecular size of the fusion proteins were determined by 
immunoprecipitation with protein A and SDS-PAGE, followed by Western blotting 
Polyacrylamide gels forming a linear 6-15% gradient with a 4% stacker were run 
30 overnight at 10 mAmp Gels were immunoblotted onto nitrocellulose membranes 
using a Western semi-dry transfer apparatus (Eilard Instruments, Seattle, WA) at 
3 mAmp/cm* for 1 hour Blots were blocked with 2% nonfat milk plus 0 1% Tween in 
PBS (blocking buffer) for 1 to 2 hours and then incubated with alkaline phosphatase 
conjugated goat anti-human IgG (Boehringer-Mannheim, Indianapolis. IN) at a I : I .SOO 

3 5 dilution in blocking buffer for 1 hour. Blots were then washed three times with 
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5 blocking buffer and were developed in Western blue (Promega, Madison. Wl) for 5- 1 5 
min. before stopping color development by rinsing wiih distilled water. 

The 7 sFv-lg and 106 sFv-lg proteins were tested for binding to human gp39 by 
an ELISA assay Briefly, flat bottom flexible 96-well microliter plates (Falcon) were 

1 0 coated overnight with rat anti-mouse Lyt2a monoclonal antibody 53-6 at 2 Mg/ml in 
PBS at 4**C. After removing excess anti-mouse Lyt2a antibody, sgp39 as described 
earlier was added to the plates (100 ^l per well) and incubated overnight at 4*'C 
Excess sgp39 was removed by washing, and clone 7 sFv-Ig or clone 106 sFv-lg 
proteins (100 jil per well) were added. Plates were incubated for 2 hours at room 

1 5 temperature and washed twice with PBS containing 0 I % BS A. Goat anti-human IgG 
conjugated to horseradish peroxidase (American Qualex, Anaheim, CA) in conjugate 
buffer (Genetics Systems, Seattle, WA) was added (100 mI per well) and incubated for 
1 hour at room temperature. Unbound conjugate was removed by two washes with 
PBS containing 0. 1% BSA and 1 00 ^1 per well of a 1 : 1 00 dilution of EI A Buffered 

20 Substrate (Genetic Systems) was added to the wells. The color reaction was slopped 
with 30 \xl per well of 3M H2SO4 and the optical density was measured at 450-595 nm 
with a Titertek multiwell plate reader 

Transfection supernatants from several clone 106 sFv-lg and clone 7 sFv-Ig 
25 clones bound well to human gp39, and reacted very weakly (106) or not at all (7) on 
murine gp39. Representative results of 106 and 7 sFv-lu binding are shown in 
Figure 8 Binding affmity determinations for the 106 sFv-lg versus native 106 
monoclonal antibody using purified radiolabeled protein were carried out Saturation 
binding curves, shown in Figure 9, showed that labeled native 106 monoclonal 
3 0 antibody (Figure 9A) bound to Jurkal cells consiitutively expressing gp39 with 

approximately three-fold greater affinity than 106 sFv-lg (Figure 9B) However, the 
affmity of the 106 sFv-lg was still quite high (measured Kd=l .6 x lO'') It was 
determined that native 106 monoclonal antibody bound to 10.000 sites per cell by 
Scatchard transformation which is complete agreement with the number of sites per 
35 cell bound by 106 sFv-Ig (Figures 9 A and 9B) 
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5 The ability of the 7 sFv-lg and 1 06 sFv-Ig to inhibit the production of lyG and 

IgM in an in vitro T cell dependent B cell antibody production system and comparison 
of this effect with that seen for the parental 39-1 .7 and 39- 1 106 antibodies was 
assessed as described earlier for the parenul antibodies with a few minor 
modifications. Cell cultures were initiated with 100.000 mitomycin C treated T cells 

1 0 and 2,000 B cells in Costar half area plates. Purified parental antibodies and their 

respective purified sFv-Igs were quantitated using a Bio-Rad Protein Assay kit. Each 
parental antibody was tested at final concentrations of 1, 0.5, 0.25 and 0 1 25 Mg/ml. 
Each sFv-lg was evaluated at final concentrations of 0.68, 0.34, 0. 17. and 
0.085 ng/ml. Although the concentration of parental antibody and its respective sFv- 

15 Ig in terms of ng/ml were different, the concentration of each with respect to the 
number of antigen binding fragments was equivalent when overall valency (two per 
parental antibody, one for its sFv-Ig) and molecular weight ( 160,000 kD for parental 
antibody, 55.000 kD for sFv-Ig) were taken into account. Thus, the final 
concentrations of antigen binding fragments (binding sites) compared in this 

20 experiment were 7.53. 3.76. 1 .88. and 0.94 x 1 0" bmding sites/ml. 

Following addition of the antibodies and sFv-lgs. the plates were cultured in a 
humidified 37°C/6% CO2 incubator for 10 days after which culture supernatants from 
triplicate wells were pooled and assessed for total human IgG and IgM as described 

2 5 earlier Data are presented in Table 9 where Ig levels are expressed as a percentage of 

that observed with medium only (no anti-gp39 antibody) controls. As shown in 
Table 9. both the 7 sFv-lg and 106 sFv-lg were capable of substantially suppressing 
the production of both IgG and IgM by human B cells. Interestingly, their ability 10 
suppress was at least equivalent and at some concentrations, even better, than that 

3 0 observed for the parental antibodies. 
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TABLE 9 

Suppression of/// vitro Antibody Production by Whole Ami-Human 
gp39 Monoclonal Antibodies and their sFv-]g Derivatives 



AbConc. 
(binding 
sites xio'^) 


Inhibition of IgG Synthesis 
% of Medium Only Control 


Inhibition oflgM Synthesis 
% of Medium Only Control 




7 


7 sFv-lg 


106 


lUC 
sFvlg 


7 


7 sFv-ig 





7.53 


12 


18 


11 


14 


14 


21 


25 12 


3.76 


17 


1*) 


24 


12 


24 


ly 


IV 12 


1.88 


il 


24 


26 


10 


29 


34 


27 12 


a.94 


W 


12 


37 


2i 


M 


32 


34 l«J 



10 

EXAMPLE 12 
Humanization of Anti-gp39 Monoclonal Antibody 

15 A. Determination of Human Templates for 106 VL and VH 

The murine 106 VL (kappa) and VH sequences were used to search a subset of 
immunoglobulin sequences from GenBank for murine germline nucleotide sequences 
with the closest homology to 106 VL with a PASTA search using only nucleotides 

2 0 encoding the mature peptide This search produced two murine sequences followed by 
many human sequences, the best match being designated "Musigkva" (Accession 
No. J00545). The homology between the translated 106 VL and the translated J00545 
(germline of 106) is shown in Figure 10. Only the differences are printed for the 
germline sequence. These differences are probable sites of somatic mutation. 

25 However, it is possible that 106 VL is derived from an as yet unidentified murine 
germline gene 

The human germline amino acid sequence with closest homology to 106 VL was 
determined by performing a PASTA search on a data base of immunoglobulin protein 
30 sequences. This data set contained both germline and rearranged sequences After 
discarding the rearranged sequences, the best homology match was found with 
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germline sequences designated "02" (Accession No. X59312) and "012" (Accession 
No. X593 1 5) It was noted that all but one (Leu90) of the structural determinants for 
the CDR loops were conserved, as was the size of the CDR loops between murine 106 
VL and the human template. It was also noted that all of the CDR loops in the light 
chains of the murine sequence and human template belong to the same canonical 
structure class. 

The murine nucleotide sequence with the closest homology to 106 VH was also 
determined by performing a FASTA search of the subset of GenBank immunoglobulin 
sequences using only nucleotides encoding the mature peptide as the query seciuence. 
The search resulted in locating two murine sequences followed by many human 
sequences The murine sequences designated "Musighin" (Accession No M2 1 520) 
showed significantly better homology than the other murine sequence The GenBank 
annotation for M2 1520 lists it as a rearranged sequence. For the purpose of finding 
probable sites of somatic mutation, M21520 was used as a germline substitute and 
differences between it and 106 VH are shown in the bottom set of lines in Figure 1 1 

The human germline amino acid sequence with the closest homology to 106 VH 
was determined by performing a FASTA search on the immunoglobulin sequence data 
subset. After discarding the rearranged sequences, the best match was found with the 
•'Hhg4" germline sequence (Accession No. X62129). It was noted thai the size of the 
CDR loops was preserved between 106 VH and the human template and that all bui 
two of the stnjctural determinants for the CDR loops were conserved None of the 
other highly homologous sequences gave a better fit in the structural determinants 
The HI loops of the murine sequence and the human template were also found to 
I belong to the same canonical structure class 

B Refinement of 1 06 VL and VH Humanization Templates. 

The canonical loop stnictures for the antigen binding loops LI. L2 and L.l of the 
, VL domain and H I and H2 of the VK domain were identified, and residues thai were 
defined as structural deierminams (Chothia and Lesk, 1987. ./. Mol. Hiol. /»6 VO I : 
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Lesk and Tramonuno, Id Antibody Engineering, W.H 
(1992)} were retained as murine residues. 
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Freeman and Co., pp l- >8 



The murine 1 06 VL and VH amino acid sequences were used to search the 
Brookhaven databank for homologous sequences in which the crystal structure had 

1 0 been solved. The VL from the anti-lysozyme binding monoclonal antibody D 1 .3 was 
selected as a structural template for modeling of the 106 VL. The VH from the anti- 
peptide monoclonal antibody 17/9 was chosen as a structural template for modeling of 
the 106 VH. These structures were combined to provide a composite template for 106 
modeling using the set of invariant residues at the VL-VH interface. From the model. 

1 5 three additional framework residues which appeared to be imponani for maintaining 
the structure of the antigen binding sites were identified In the VL. Ile48 was found 
to be structurally impoaant and was retained as murine sequence, in the VH. two 
residues (A]a49 and Ile77) were also retained as murine sequence. The 106 model was 
not determinative of whether a human or murine residue was appropriate at positions 

2 0 24, 55 and56of 106 VH 

C. Determination of the J-region Templates 

The best human 3k sequence was selected by homology to the murine Jk 
25 sequence in Kabat et al. (Sequences of Proteins of Immunological Interest, 4th Edition, 
U.S. Health and Human Services, Washington, D.C. ( 1987)). Similariy. the best 
human IH sequence was selected by homology to the murine JH sequence in Kabat ei 
al., supra, 

30 D Humanization of the 106 VL 

The oligonucleotide primers used to humanize the 106 VL are listed in Table 8 
The first three changes (Ala at position 9 to Ser, Glu at position 1 7 to Asp, and Thr at 
position 18 to Arg) were encoded on the Hu l06VLAre2 sense PCR primer A Huullll 
35 site was added immediately 5' of the sequence encoding the mature VL for cloning the 
final humanized VL into pUCI9 The next four changes were encoded in the 

7K 
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5 Hu 1 06VLB2 antiscnsc PCR primer (Gin at position 40 to Pro. Ary at position 42 to 
Lys, Ser at position 43 to Ala, and Gin at position 45 to Lys). Using Hu l06VLAre: 
and Hul06VLB2 with nnirine 106 sFv-lg/CDM8 as template, the first humanized 
fragment was obtained by PGR. The sense PCR primer HuI06VLC and the antisense 
PCR primer 2Hul 06VLD were used to humanize the second fragment. The sequence 

1 0 of Hul06VLC overiapped Hul06VLB2 such that the same four changes were encoded 
on Hul06VLC (Gin at position 40 to Pro, Arg at position 42 to Lys, Ser at position 43 
to Ala, and Gin at position 45 to Lys). In addition, an Spel site was engineered into 
Hul06VLC as a diagnostic site. This change did not alter the protein sequence. The 
2Hul06VLD primer encoded the next four changes (Gin at position 70 to Asp, Ser at 

1 5 position 72 to Thr. Lys at position 74 to Thr. and Asn at position 76 to Ser) Using 
HulOeVLC and 2HuI06VLD with murine 106 sFv-lg/CDM8 as template, the second 
humanized fragment was obtained by PCR. 
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10 



15 



20 



25 



Hul06VLAre2 

96-mer 

sense 

Hul06VLB2 

45-fncr 

antisense 

Hul06VLC 

60-iner 

antisense 

2Hul06VLD 

45-mer 

antisense 

HulOSVLE 

75-mer 

sense 



TABLE 10 
Primers Used for 106 VL Hutnanis^tion 
Hindlil 

S'-ATCGTCTAGAAQCnCTCGACATCCAGATGACTCAGTCTCCAT 
CATCCCTATCTGCATCTGTGCGAGATCGAGTCACCATCACATGT 
CGAGCAAGT - 3'. SEQ ID #33 

S'.TAGTAGCTTAGGTGCCTTTCCAGGTTTrTGCTCATACCAAGCT 
AA-3'. SEQ ID #34 



Spcl 

S^CCTGGAAAGGCACCTAAGCTACTAGICTATAATGCAAAACCTT 
AGCAAAAACCTTAGCA - 3'. SEQ ID. #35 

5'-GAGATCGTCAGTGTAAAGTCTGTGCCTGATCCACTGCCACTGA 
AC - 3'. SEO ID #36 



.V-GACTTTACACTGACGATCTCAAGCCTGCACCCTGAAGATTTTG 
CAACTTA7TACTGTCAACATCATTATAATACT - 3". 

SEO ID. #37 



Hul06VLF 
30 82-mer 
anti-sense 



Hul06VLA2 

3 5 24-mcr 

sense 

HuI06VLF2 
24-mer 

4 0 anti-sense 



Xbal 

.V- TCAGTGCnCIAQAGCCACCCCGTTTGATCTCGACCTTGGTC 
CCTCC ACCGAACGTG AGCGG AGTATTATA ATG ATG TTG AC-3 

SEO ID. #3X 



5'-ATCGTCTAGAAGCTTGTCGACATC - 3'. 



5'-TCAGTGCTTCTAGAGCCACCCCGT - 3'. 



SEO ID. #39 



SEO ID #40 



The final humanized VL fragment was obtained using the Hu 1 06 VLB sense 
PCR primer and Hul06VLF antisense PCR primer with murine 106 sFv-li»/CDM8 as 
template. Hul06VLE panially overiapped 21iul06VLD such that it encoded the same 

45 four changes (Gin at position 70 to Asp. Ser at position 72 to Thr. Lys at position 74 
to Thr, and Asn at position 76 to Ser) Additionally. Hu I06VLE encoded two 
additional changes (Giy at position 84 to Ala and Ser ai position 85 to Thr) 
Hul06VLF encoded the last four changes (Thr at position 100 to Giy. Leu at position 
104 to Val, and Leu at position 106 to lie). Hul06VLF also encoded an Xhal site 

50 immediately 3' of the VL sequence for cloning purposes Humanized fragments 2 and 
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5 3 were then assembled and amplified by PGR by mixing the two humanized DNAs 
together in the presence of Hul06VLC sense primer and HuI06VLF aniiscnsc primer. 
This piece was purified, mixed with humanized fraymeni 1 and reamplified by PGR in 
the presence of the sense primer Hul06VLA2 and the antisense primer Hu 1 06VLF2 
such that a single PGR fragment was obtained. The amplified humanized 1 06 VL was 

0 then cut with Hindlll and Xbal and ligated into pUC 1 9. £. coli (strain DH5a) were 
transformed as usuaJ and plasmid DNA from individual clones was sequenced to verify 
proper fragment assembly of the humanized 106 VL. One individual clone was 
designated hul06VL clone 10 and was used in the later constructions. 

5 E. Humanization of the 106 VH 

Since the murine 106 model was not determinative of whether a human or 
murine residue was appropriate at positions 24, 55 and 56 of the humanized VH chain, 
an attempt was made to produce all 23 versions. The humanized VH genes were 

0 assembled in three steps. In the first step. PGR fragments encoding either of 2 versions 
(corresponding to Ala or Thr at amino acid position 24) of the amino acid sequence 
from position 1 to position 51 were generated and inserted into the HintAU Xha\ sites 
of pUC19 These PGR products included the introduction of a unique NhA site (at 
nucleotide position 146), followed by EctiRl, Psil and Xhal sites for the later insertion 

5 of other fragments. These changes did not affect the protein sequences of i 06 VH In 
the second step, oligonucleotides encoding any of four different versions 
(corresponding to Asp-Ser. Asp-Tyr. Ser-Ser. and Ser-Tyr at amino acid residue 
positions 55 and 56) of amino acids residues 49 through 80 were annealed and inserted 
into the Nhel and Fstl sites of both of the vectors generated in step I Seven of the 

0 possible eight different vectors were isolated (the Ala-Asp-Ser form was not) In the 
third step a single PGR product encoding amino acid residues 80 through 1 12, which 
contained the nucleotide sequence encoding the remaining residues for humanized 106 
VH(Figure 12), was generated and insened into the /'.v/I and Xha\ sites of the seven 
vectors produced in step 2. 
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TABLE 1 1 
Primers Used for 106 VH Humanization 



106vhT-5' 
i06-mer . 
10 sense 



106VHA-5 
106-mer 
1 5 sense 



I06vhNEP-3' 
87-mer 
20 anti-sense 



106vhSY.5' 
97-mer 
25 sense 



Hindlll 

S'-ATCGTCTAGAAQCHGAAGTGCAGCTGGTOGAGTCTGGAGG 
AGGCTTAGTGAAGCCTGGAGGGTCCCTGAGGCTCTCCTGTGCA 
/ICCTCTGGATTCACTTTCAATA - 3* SEQ ID #4 1 

Hindlll 

5'- ATCGTCTA GAAGCTT GAAGTGCAGCTGGTGGAGTCTGGAGG 
AGGCTTAGTGAAGCCTGGAGGGTCCCTGAGGCTCTCCTGTGCA 
CCCTCTGGATTCACnrCAATA - 3' SEQ ID «42 

Xbal PstI EcoRl Nhel 

5-TCACTG CTCTAGA ACC CTGCA GATC GAATTC AA TGCTAGC G 
ACCCACTCCAGTCCCTTACCTGGTGCCTGGCGAACCCAAGACA 
TGG - 3' SEO ID. «43 

Nhel 

5'- CTAG CATTAGTAGTGGTy4 C77/iCATCTACTATGCTG ACAGT 
GTGAAAGGCCGATTCACCA TCTCGAG AGATAATGCCAAAAA 
CATCCTGTATCIQCA - 3' XIkjI SEQ ID #44 

PstI 



30 106vhSY-3' 
89-mer 
anti-sense 



35 i06vhDY-5' 
97-mer 
sense 



Xhol 

5'- GATACAGGATG I I'l l 1 GGCATTATC TCTCGAG ATGGTG AAT 
CGGCCTTTCACACTGTCAGCATAGTAGAT<7J/</IC7ACCACTAC 
TAATG - 3' SEQ ID «45 

Nhel 

5- CTAG CATTAGTAGTGGT6V4 77/lCATCTACTATGCTGACAGT 
GTGAAAGGCCGATTCACCATCICGAGAGATAATGCCAAAAA 
CATCCTGTATCIQCA - 3' Xhol SEQ ID. U4(y 

PstI 



4 0 Xhol 

l06vhDY-3' 5'- GATACAGGATG 1 I 1 I IGGCATTATC TCTCGAG ATGGTGAAT 

X9-mer CGGCCTTTCACACTGTCAGCATAGTAGATr, 7X/4 y CACCACT 

anti-sense ACTAATG - 3' SEQ ID «47 



45 



50 



l06vhSS-3* 

97-mcr 

sense 



106vhSS-3' 

X9-iner 

anti-sense 



Nhel 

5- CTAG CATTAGTAGTGGT/4 OTA f/CATCTACTATGCTG AC ACT 
GTGAAAGGCCGATTCACCATCTCGAGAGATAATGCCAAAAA 
CATCCTGTATCIQCA - 3'. Xhol SEQ ID #4X 

PstI 



Xhol 



5'- GATACAGGATG! I 11 IGGCATTATCTCTCGAGATGGTGAAT 
CGGCCTTTCACACTGTCAGCATAGTAGATCC7XC7ACCACT 
ACTAATG - 3' SEQ ID *(4*> 
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5 

Nhel 

5"- £IACCATrAGTACTGGTf,V47X6rATCTACTATGCTCACAGT 
GTGAAAGGCCGATTCACCATaHeASAGATAATGCCAAAAA 
CATCCTGTATCIQ£A - 3' Xhol SEQ ID m 

PstI 

Xbol 

5'- GATACAGGATGTmTGGCATTATCTCICfiAeATGGTCAAT 
CGGCCnTCACACTGTCAGCATAGTAGATf?C7MrCACCACT 
ACTAATG.3' SE0ID*51 

Psd 

5'- ATrfiTrTAG CTGCAG ATGAACAGTCTGAGGGCAGAGGACAC 
GGCCGTCTATTACTGTGCAAGGCACTATGATTACGAC - 3* 



Xbal Bell 

5'- rr AnTr.r TCTAGATGATCA GAGGAGACGGTGACCACGGTTC 
CTTGACCCCAGTAGTCCATAGCATAGCT. 3* SEQ ID #5? 



In greater detail, construction of the two vectors was initiated by generating two 
PGR fragments using l06sFv-lg/CDM8 as template and either l06vhT-5' or l06vhA-5' 
as the sense primer and l06vhNEP-3' as the antisense primer. The sense primers 
3 0 encoded a HhuJIJI site immediately 5* of the VH and the first three humanized VH 

changes (Lys at position 3 to Gin, Lys at position 19 to Arg, and Thr at position 23 to 
Ala). In addition, the 106vhA-S' sense primer humanized the residue at position 24 to 
Ala whereas the 106vhT-5' sense primer kept the residue as murine (Thr) The 
antisense primer encoded changes at residues 40, 42 and 44 (Thr to Ala, Glu to Gly 

3 5 and Arg to Gly, respectively) and also encoded four unique restriction sites (NhcJ . 

EcoRJ, PstI, and Xbaf). The two PCR'ed DN As were then cloned into pUC 1 9 as 
Hhtdlll-Xbal fragments and were used to transform DH5a E. coli. Clones containinii 
both inserts were isolated (i06vhA-iffiP and 106vhT-NEP) and verified by DNA 
sequencing. The plasmids were then digested with Nhcl. EcoHl and /'.v// and-linear 

4 0 DNA was isolated and purified. 



10 



l06vhDS-5' 

97-mcr 

sense 



106vhDS-3' 
89-mer 
1 5 anti'Sense 



106vhPst5' 
78-mer 

20 sense 



i06vhXba3' 
69-mer 
2 5 anti-sense 



The sense oligonucleotide in each of the four pairs of oligonucleotides thai 
encoded the changes at positions 55 and 56 were phosphorylated and annealed to the 
corresponding antisense oligonucleotide. This generated dsDNA fragments that had a 
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5 5' Nhc! overhang and a 3' Psil overhang, and that contained a unique Xhol site Tlie 
primer pair 106vhDS-5' and 106vhDS-3' encoded murine residues at positions 55 anil 
56 (Asp-Ser); I06vhDY-5' and 106vhDY-3' encoded murine and human residues at 
positions 55 and 56. respectively (Asp-Tyr); 106vhSS-5' and I06vhSS-3' encoded 
human and mouse residues at positions 55 and 56, respectively (Ser-Ser): and 

10 106vhSY-y and 106vhSY-3* encoded human residues at positions 55 and 56 (Ser- 
Tyr). All of the primer pairs also encoded four additional changes from murine to 
human sequence (Thr to He at position 57, Pro to Ala at position 60, Arg to Lys at 
position 64 and Arg to Lys at position 75). The four fragments that were generated 
were then ligated into 1 06vh A-NEP/pUC 1 9 and I06vhT.NEP/pUCI9 previously 

1 5 digested with restriction enzymes. The plasmids were used to transform DH5a A. <W> 
and DNA from clones that cut with Xhol were isolated and verified by DNA 
sequencing Of the eight combinations, seven were obtained (I06vhA-DS. 
representing human, mouse, mouse sequence at positions 24, 55 and 56, was never 
isolated from pUC19). The seven plasmids were digested with Pstl and Xhal and were 

20 now ready to receive the final fragment. Three of the clones were selected for later 
use and were designated as follows; Vh ASY 24-17 (hhh); Vl! TDS 1 5-34 (mmm): 
and VH ADY 7.g (hmh). 

The remaining residues that were changed to human sequence were encoded on 
25 sense primer l06vhPst5' (Ser to Asn at position 82a. Ser to Ala at position 84, and 
Met to Val at position 89) and antisense primer I06vhPsi3* (Ser to Leu ai position 
108). For cloning purposes, primer 106vhPst5' also encoded a l*sU site and 
106vhPst3* encoded an Xhal site with a Bell site immediately preceding it This 
fragment was obtained by PCR using lOGsFv-lg/CDMS as template Tlie fragment 
30 was digested with PstI and Xhal and was ligated into the seven plasmids Once again, 
the plasmids were used to transform DH5a vn/t and DNA from clones was 
sequenced to verify insertion 

F. Assembly of Humanized 106 sFv Gene Cassettes 

35 
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The humanized single chain Fv expression cassettes for 100 were assembled as 
for the original murine 106 sFv but using the following primers 
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TABLE 12 

Primers Used for Construction of 
Humanized 106 sFv Gene Cassettes 

Sail 

hulD6V.Sall 5'-ATCGTCTAGeiCQA£ATCCAGATGACTCAGTCTCCA 

45.mer TCATCC- 3" SEQ ID #54 
sense 

15 hul06V.LK3" 5'-GCCACCCGACCCACCACCGCCAGCGCCACCGCCACC 

60.mer CCGnTGATCTCGACCrTGGTCCC - 3' SEQ ID #55 
anti-sense 



20 



iiu I 06VhLK5' 5" -TCGGGCGGTGGTGGGTCGGGTGGCGGCGG ATCTC AA 

60.mer GTGCAGCTGGTCGAGTCTGGAGGA - 3" SEQ ID #56 



sense 



Bell 

hu I G6V„BclI 5'- TCAGTGCTfiAICAG AGGAGACGGTGACC AGGGTTCC 

25 45-mer TTGACC'T SEQ ID #57 

anti-sense 

Briefly. DNA encoding the humanized 106 VL was cut from the pUC 1 0 vector 
in which it was assembled. DNA encoding the seven humanized 106 VH were also cut 

3 0 from pUC 1 9. The DNA fragments were purified and used in the following PCR 

reactions The humanized 106 VL was amplified using the hul06V, Sail sense PCR 
primer that encoded a Sail site immediately prior to the first residue of the mature VL 
and an antisense primer (huI06VLLK3') that was complementary to sequence encoding 
the last nine residues of the VL and the first 12 residues of the (GlyjSer)-, linker 

3 5 Additionally, the seven humanized 1 06 VH were amplified using a sense primer 

(hul06VHLK5') encoding the last 1 1 residues of the (GlyjSer)? linker followed by the 
first nine residues of the mature VH and an antisense primer (hul06Vi,Bcll) 
complementary to sequence encoding the last nine residues of the VH region and a 
BclJ site The modified 106 VL was mixed with each of the modified 106 VH DNA in 

40 the presence of excess VL sense primer (hul06V, Sail 5*) and VH amisense primer 
(hul06VHBcll) so that the individual humanized 106 VL was linked with each of the 
individual humanized 106 VH imo seven VL-link-VH single coding regions by tiverlap 
extension PCR. 
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5 The humanized 1 06 VL-link- VH sFv gene cassettes were then assembled for 

sFv-Ig expression in the pUC-lg vector This vector contains the L6 Vk leader 
sequence followed by a SalJ site and a BcU site preceding sequence encoding the 
hinge^H2-CH3 of human IgGl and a stop codon flanked by an Xhal site. The hinge 
cysteines were muuted to serines to favor monomeric expression of sFv-lg fusion 
1 0 protein The humanized 106 VL-link-VH sFv gene cassettes were cut with Sc,H and 
BcU and were ligated into similariy digested pUC-lg. DHSa E. col, were transformed 
with the constructs and colonies were screened for inserts. Six of the seven VH 
constructs were properly inserted into pUC-Ig. The entire L6 Vk leader/humanized 
106 VL-link-VH sFv/human Ig cassettes were cut from pUC-lg using HmUUI and 
15 XbalKnd were transferred to the pCDMS mammalian expression vector and were 

amplified by transformation in £. coli strain MCI06l/p3. Of the six, five were inserted 
properly into pCDM8. DNA was recovered from each for COS cell transfections. 

Small-scale COS cell transfections were carried out in 60 mm tissue culture 
2 0 plates by the DEAE-dextran method. Three ml of transfection supernatant was 

recovered from each after three days of culture and were tested for the presence of 
soluble sFv-lg fusion protein by Western blot and ELISA. In addition, an anti-human 
Ig sandwich ELISA was performed to quantify the amount of protein expressed by 
each construct and the on-rates of the different proteins binding to gp39 were 
2 5 measured by Biacore analysis. 

G. Preliminary Analysis of Humanized 1 06 sFv Expressed by Transient 
Transfection in COS Cells. 

30 SDS-PAGE and Western blot of the transfection supematanis showed that of 

the five constructs used to transfect COS cells (humanized i 06 sFv containing the 1 06 
VH fragments 106vhT-DS, 106vhT-SS, 106vhT.SY, 106vhA-DY and 106vhA-SY), 
four secreted protein into the supernatant. There was no protein expressed by 
humanized 106 sFv containing l06vhT-SY (huVUI06vhT-SY) Of the four 

35 expressors, three expressed protein of correct size tor an sFv-lg fusion protein 
(55 kDa). HuVL/106vhT.SS produced a protein of aberrant size (approximately 
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5 97 kDa). Expression levels for Hu VL/ 1 06vhT-DS appeared to be similar to murine 
106 sFv while HuVL/106vhA-DY and HuVL/I06vhA-SY expressed at lower levels 

The protein levels were quantified using a sandwich ELISA to detect the human 
Ig uil. ELISA plates were coated with goat anti-human Ig in PBS and blocked in PBS 
+ 0.1% BSA. The transfection supematants were incubated neat and at a I 5 dilution 
for 1 hr at RT. The plates were then washed and incubated with goat anti-human Ig- 
horseradish peroxidase in ELISA conjugate buffer for 1 hr at RT. Plates were washed 
again and a 1 : 100 dilution of EIA Buffered Substrate (Genetic Systems Corporation) 
was added. The color reaction was stopped with 3M H2SO4 and the optical density 
1 5 was measured at 450-595 nm with a Titertek muhiwell plate reader Approximate 
protein concentrations were determined by comparison to a known concentration of 
CD40Ry1 (CD40-lg) that had been determined with the Bio-Rad protein concentration 
kit. The protein concentrations were. 

2 0 huVUI 06vhA-DY (clone 1 0) 0.62 ng/ml 

huVL/1 06vhA-DY (clone 12) 0.82 ^g/ml 

huVU106vhA-SY (clone 21) 0.77 Mg/ml 

huVL/106vhT-SY (clone 26) 0 Mg/ml 

huVL/106vhT-SS (clone 36) 0. 15 ng/ml 
2 5 huVL/1 06vhT-DS (clone 46) 1 .20 ng/ml 

The supernatants were tested for their ability to block E-selectin expression on 
endothelial cells Human umbilical vein endothelial cells (HUVECs. Cloneiics 
Corporation) were cultured and stimulated in MI99 (Medium 199, Gibco BRL) with 

30 additions to final concentrations as follows: 4 mM L-ulutamine. 48.5 nu/ml penicillin. 
80 Mg/ml streptomycin. 1 mM sodium pyruvate (Sigma). 90 ^ig/ml heparin ( Sigma). 
30 Mg/ml endothelial growth supplement (Collaborative Biomedical Products) and 
20% fetal bovine serum. Endothelial cells were grown .n tissue culture flasks treated 
with 1% gelatin, and plated at 1.5 x 10^ cells/well in tlai-bottomed 96-weII Costar 

3 5 tissue culture plates that had been coated with 1 Mg/wdl tibronectin (Collaborative 
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5 Biomedical Products). Endothelial cells were stimulated 
were used at passage 4 or 5 . 
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1-2 days after plaiinsi. Cells 



sgp39 and supematants containing humanized 106 sFv-lgs were added in M 199 
plus additions in 100 ^1 per well and incubated at 37»C for 4 hours prior to assayini; 

1 0 for E-selectin expression. Plates were then washed twice with cold PBS, fixed for 1 0 
minutes with 0.5% glutaraldehyde in PBS at 4»C, washed four times with 3% goat 
serum/PBS/20 mM EDTA (blocking buffer) and blocked 1 hour at 37»C or overnight 
at 4°C in the same buffer. CeUs were treated with 100 nl ami-E- and P-selectin (R&D 
Systems) at 0.25 ng/ml in blocking buffer for I hour at 37-C. Plates were washed four 

1 5 times with blocking buffer, incubated I hour at 2TC with horseradish peroxidase 

conjugated ami-mouse IgG in blocking buffer (Jackson ImmunoResearch. 100 nl/well, 
1 :2000 dilution) then washed four times. Plates were developed using El A chromagen 
reagent in EI A buffered substrate (both from Genetic Systems, 100 nl/well. 1 : 100 
dilution) and stopped with 100 mI per well of IN H,SO.. The absorbance was 

2 0 determined at dual wave lengths of 450 nm and 630 nm. 

HuVL/l06vhA.DY, huVL/106vhA-SY and huVUI06vhT-DS all inhibited E- 
selectin expression although not as effectively as the original murine 106 sFv-lg 
(Figure 13). Differences may be accoumed for by lower protein expression in 
25 huV17l06vhA-DY and huVU106vhA-SY. although huVUI06vhT.DS appeared to 
express at levels comparable to the original murine 1 06 sFv-lg. 

The on-rates of the different proteins binding to gp39 were determined using the 
Biacore. HuVL/106vhA-SY and huVUI06vhT-DS both bound tightly to chips coated 

30 with gp39. with activity comparable to the original murine 106 sFv-lg (Figure 14) 
Since these proteins did not come off it was unclear whether the atVmiiies of these 
sFv-lg were very high (the profiles indicated affmities of Kd - I O'"' M or greater) or 
whether the proteins were aggregated and were binding multivalemly. HuVL/IOCwhA- 
DY did come off From its profile, affinity was estimated to be approximately Kd = 

35 10 ' to 10" M. The original murine 1 06 sFv-lg had been measured at Kd = 1 6 x 
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10"' M so it appears that huVL/l06vhA-SY and huVL/l06vhT-DS arc high atVinity 
humanized anti-gp39 sFv 



HuVL/106vhA-SY and huVL/106vhT-DS were found lo bind lightly to human 
gp39 and show functional activity in inhibiting E-selectin expression on endothelial 
1 0 cells. Although huVL/106vhA-SY appears to express at lower levels than 
huVL/106vhT-DS, it is the "most human" of the humanized 106 sFv. 
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EXAMPLE 13 

Generation of Humanized Monoclonal Antibody 106 As A Whole Antibody 



Using the humanized 106 sFv-lgs as a template, the variable light chains and 
three forms of the variable heavy chain were amplified by PCR using primers thai 

2 0 introduced a sequence encoding the signal sequence of the human antibody template. 
These PCR products were inscned into a vector containing sequences encoding the 
constant regions of human kappa (k) or of a human gamma 1 (yl ) to generate the 
complete light or heavy chain, respectively. These vectors also included appropriate 
drug resistance genes for the generation and amplification of stable cell lines expressing 

25 the protein. Proteins from each of the three constructs, (see Table 13 For 

nomenclature) were produced by transient expression in COS cells These proteins 
were tested as crude supernatants in assays for the inhibition of B cell proliferation 
using soluble gp39 (sgp39) in the presence of anti-human IgM, the production of 
antibodies by B cells stimulated with activated T cells, and the induction of E-seleciin 

30 expression on endothelial cells by a gp39' T cell line 

The following briefly describes the construction of the expression vectors for 
humanized anti-gp39 monoclonal antibody 106 with amino acids Thr, Asp, Ser at 
positions 24, 55 and 56, respectively (designated hi 06-2) Construction of the 
35 expression vectors went through a scries of intermediate plasmids wherein various 
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5 functional regions and restriction sites were manipulated Also, the various regions 
encoding the required variable and other immunoglobulin domains were assembled 

TABLE 13 
Nomenclature 



Sequence at position Alternative Protein Names 

24.55,56 

TDS mmm hKl hl06.2 

ADY hmh hK^ 

ASY hhh hK8 hl06-l 
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Briefly, three plasmids. pDI3, pD16 and pD17, used in consiruciing the fmal 
vectors and expression cassettes were initially constructed. 

A. Construction of pD 1 3 



Plasmid pD13 was constructed and derived from the pcDNA3 plasmid 
(Invitrogen) in two steps. First, the SV40 promoter/enhancer and neomycin resistance 
gene was removed by digestion with Nael and isolation of the 3 .82 kb fi-agment This 
was replaced by the SV40 promoter/enhancer and dhfr gene from pSV2-dhfr The 
2 0 pSV2-dhfr sequence was isolated as a 1 93 kb fragment afler digestion with FviiW and 
BamHl. The 3.82 and 1.93 kb fragments were ligatcd together and used to transform 
MCI 061 bacteria following filling in the protruding ends of the 1 .93 kb fragment from 
pSV2-dhfr. The correct product (designated pD12) was confirmed by the release of an 
890 bp fragment following HinJlU digestion. 



In the second step, the polylinker was replaced with alternative restriction sites 
by digesting the resultant vector above with Asf>7li and Bspl20\ Oligonucleotides 
LH7 (Seq. ID #64) and LH8 (Seq. ID #65) were annealed and cloned by Exolll 
cloning (K. Hsio, 1993, Nual. Acid Res. ^/:5528.5529) was used to complete the 
30 plasmid pD13. The resulting plasmid was used to transform competent A. cuh DH.S« 
and the correct product was confirmed by sequencing the polylinker region 
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B Consifuction of pD 1 6 and pD 1 7 

Plasmid pDI6 was derived from the pcDNA3 plasmid (Invitroijen) in a series of 
steps which add (1) a polylinker sequence upstream of the CMV promoter for 

1 0 linearization, (2) deleting the SV40 promoter/enhancer and neomycin resistance gene 
and replacing them with the histone H3 transcription termination sequence, the S V40 
promoter (enhancer deleted) and DHFR gene, and (3) insertion of the gastrin 
transcription termination sequence upstream of the CMV promoter Plasmid pD 1 7 
was derived from pDI6 by the removal of the Nhel site from the linearization 

1 5 polylinker. 

Plasmid pD16 was derived from pcDNA3 (Invitrogen) by first digesting with 
Bgni and ligating oligonucleotides LHl (Seq ID #58) and LH2 (Seq ID #59) into the 
plasmid after annealing the oligonucleotides. After ligation, the resulting plasmid 
20 (pcDNA3-LSI) was used to transform competent £. coli DHSa and the correct 

construct was confirmed by release of a 230 bp fragment following restriction enzyme 
digestion with Nhel and Nrul. 

Plasmid pcDNA3-LSl was then digested with NgoMl^ PvnI and Hsnfl 
25 Following digestion, a 2.0 kb NgoMl-Pvttl fragment was isolated Plasmid pDI2 

(described above) was digested with Pval and Sphl to remove the SV40 enhancer and 
a 3.6 kb fragment was isolated Oligonucleotides LH3 fSeq ID #60) and LH4 (Seq 
ID #61), encoding the histone H3 transcription termination sequence were annealed 
and then ligatcd with the 2 0 kb NgoMl-Pvu] fragment and 3 6 kb Pwu\'Sf)M fragment 
30 The resulting plasmid pcTwD-LS I was confinncd by the production of 3 3, 0 95, 0.82 
and 0.63 kb fragments after digestion with Nhc\ plus Nci\ and the production or4.2, 
1 .0, 0.26 and 0.23 kb fragment after digestion with .S/>/;l plus Bs/Hl 

Insertion of the gastrin transcription termination sequence to form plasmid pDI6 
35 was accomplished by digesting pcTwD-LSi with Bs.sHW and Mi/ 1 and isolating the 
5 7 kb fragment and ligating with the annealed oligonucleotides LH5 (Seq ID #62) and 

^2 
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LH6 (Seq ID #63). After ligation, the product was used to transform competeni £ 
coli MCI 061 and the correct construction was confirmed by the production of 4 8. 
0.66 and 0.3 1 kb fragments after digestion with Naom plus SfK'\ and the production 
of 3.3, 1.0. 0.82 and 0.67 kb fragments following digestion with Nfi^iMl plus Ncol 

Plasmid pD17 was derived from pD16 by digestion with BstU and Nhc\ and 
filling the protruding ends using Klenow polymerase. The reaction mixture was self- 
ligated and used to transform competent E. coli DHSa. This step removed the Nhc\ 
site from the linearization polylinker and was important for a later step in the 
construction of pDH-hGla and pDH-hKS.HI described later. 

C Construction of the light chain expression vector 



The expression vector for the light chain of humanized 106 was constructed in 
two phases, First, the light chain expression cassette containing the human Ck gene is 
2 0 constructed and this is followed by construction of the completed light chain 
expression vector pD16-hK8.Ll (FigurelS). 

Briefly, a 2.9 kb EcoRl fragment was isolated from pGk 11 (Walls et al.. 1993, 
Nud. Acid. Res. 27:2921-2929) and this was ligated into the plasmid pDl3 (described 
2 5 above) previously digested with EcoRl This construct (pD 1 3.hCka) containing the 
human Ck exon and flanking intron sequences was used to transform coli DH5a 
and the correct product was confirmed by restriction digestion Digestion with lxnH\ 
resulted in fragmems of 5.7. 2.8 and 0.3 kb and digestion with Si,c\ resulted in 
fragments of 7. 1, 1 . 1 and 0.5 kb. 

30 

Construction of the light chain expression cassette was completed by removing 
the Ck fragment along with the flanking polylinker sequences from pD 1 3 and inserting 
it into pD16. Plasmid pDH-hCka was digested with ^.v>7 181 and h.spMOX to release 
the Ck fragment and polylinker sequences. The same enzymes were used to linearize 
35 pD16 and the Cx containing fragmem was ligated into pDI6 to form pDi6-hCka 

Following transformation of DH5a E. coli and amplification, the correct construct was 
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5 confirmed by the release of 2.9 kb fragment following digestion with /Ia/>7 181 and 
BspMOl and linearization following digestion with a restriction enzyme present in 
pD16, but not pD13 The nucleotide sequence was also confirmed by sequencing 
various regions of the construct. 

10 In the second phase of construction of the light chain expression vector an 

oligonucleotide sequence encoding a signal peptide and the hl06Vk sequence was 
assembled and inserted into the EcoRV and Xhol sites of pD16-hCka. The 
oligonucleotide sequence encoding the signal sequence and the hl06Vk sequence was 
assembled by PCR SOEing (splice by overlapping extension reactions) (Ho, S.N ei a!., 

1 5 1 989, Gene 77:5 1-59) using hu 106VL clone 10 as a template and primers LH9 (Seq 
ID # 66), LHIO (Seq. ID # 67), LHl 1 (Seq ID #68) and LH12 (Seq ID # 69). In 
combination, primers LH9, LHIO and LHl 1 encode an IxoRy restriction site, a signal 
peptide, and the 5' end of hul06 Vk Primer LHl 2 encodes Jk, intron sequences, and 
an Xhol restriction site. The complete construct was used to transform competent 

2 0 coli DH5a by homologous recombination (Babek et al., 1993, Nucl. Acids Res. 

21:3601-3602). Plasmid DNA from colonies was screened by PCR for the presence of 
a 44 1 bp insert following digestion with Aspl 1 81 and Xhol 

The final construct of the plasmid is depicted in Figure 1 5 and was further 
2 5 confirmed by sequencing the entire V region insert and some of the flanking regions 
Clones containing the correct fragment sizes were designated pDI6.hK8 LI A. pDI6- 
LK8.L1B, pD16-hK8.LlC. Sequencing of clone pD16-hK8.LI A discovered one 
mutation in the nucleotide sequence of the clone which did not appear to disrupt the 
ability of the sequence to express protein and did result in mature light chains. The 
30 nucleic acid sequence (Seq. ID # 76) and amino acid residue sequence (Seq ID #77) 
are depicted in Figure 16. The mutation changed the initiation Methionine signal 
sequence to ATC, but there is anolher Methionine coded for two amino acid codons 
downstream. (Figure 16). 
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D. Construciion of the heavy chain expression vector 

Expression vectors for the humanized whole antibody 1 06 heavy chain were also 
constructed in two phases. In the first phase. DNA encoding exons for CH I. CH2 and 
1 0 CH3 of human gamma 1 constant region were inserted into pD 1 7. In the second 
phase, variable regions of monoclonal antibody 106 were assembled and ligated into 
the vector containing the sequences for the heavy chain constant regions. 

Using pNyl 12 (Walls et al., 1993, Nuci Acid lies. i/:2921-2929) as a 
1 5 template the human gamma I gene was amplified by PCR using primers LH 1 3 (Seq. 
ID #70) and LH14 (Seq. E) # 71). The sense primer (LH13) contained a Clal site, for 
cloning into pIC2GR, followed by the human rl 5' CHI domain sequences The 
nucleotides encoding the first two amino acid residues (Alanine and Serine) were 
mutated so as to encode an Nhel restriction site (GCTAGC). LH14, the antisense 

2 0 primer had a unique BstEII site in CH 1 followed by an Xhol site for cloning into 

plC20R. The 0.2 kb PCR fragment and pIC20R(previously digested with Cla\ and 
XhoV) were briefly treated with Exonuclease III and used in transformation of £. coli 
DH5a. Colonies containing inserts were determined by PCR and the DNA sequence 
was verified The resuhant plasmid was designated pIC-hGINhe.Bst. 

25 

The remaining portions of the human genomic immunoglobulin gamma I gene 
were inserted into the expression cassette by digesting pNgI .16 (Walls et al., supra) 
vwth HhtdiW and BamH\ . The HhuilW site is just S' of CH I . while the HamH\ site is 
3' of the CH3 domain pIC-hGlNhe.Bst was digested with HhuIiW and HumH\ and 
3 0 ligated vnih the HinJlll-BamHl fragment of pNg 1 . 1 6 Transformation resulted in a 
plasmid carrying the 5' end of the gamma I gene followed by the full gamma 1 gene 
This was confirmed by release of 3 .1 and 2.6 kb fragments when the plasmid was 
digested with EcoRl. 

3 5 The repeated portion of the gamma I gene was removed by digestion with 

BsfEll self-ligation of the plasmid and transformation. Deletion of the repeat was 
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5 confirmed by DNA sequencing the regions around the hsfEll site The resiiliinu 

vector, designated plC-hGINhe.Bam. contains the human gamma I gene beginning at 
codon 1 (with an artificial Nhel site) through the HaniH\ site y of the human gamma I 
CH3 domain. 

1 0 pIC-hGlNhe.Bam was then digested with Nhel and BamH\ to release the 

gamma I insert The ganuna 1 insert was ligated into pDI3 (described above), whicii 
had been previously digested with Nhel and BamHl, and used to transfisrm E. cofi 
DHSa. The correct product designated pD]3*hGla was confirmed by the production 
of 5. 1 and 3.25 kb fragments after digestion with B}:/1\ and the production otM.55, 

15 3.25 and 1.54 kb fragments after digestion with Bi^lll and HamH\. 

The expression cassette designated pDlT-hGla was constructed from pD13- 
hGla by digesting pDI3-hGla with Aspl\%\ and BamHl and isolating the 2.7 kb 
fi-agment This fragment contains the human gamma I gene and flanking polylinker 
20 sequences. DM1 (Dam') bacteria were used to amplify pDI7 and the isolated plasmid 
was digested with Asp7]il and Bcil giving a 5 6 kb vector fragment. The 2 7 kb 
human gamma 1 encoding fragment was ligated into the isolated vector fragment and 
used to transform competent £. coli DH5a and the proper construction confirmed by 
the release of 7. 13 and 1.26 kb Augments following digestion with BstEII. 

25 

Construction of the heavy chain expression vector was completed by inserting a 
PGR fragment encoding a signal peptide and the hl06 Vh sequence, ASY, into the 
Nhel and Xhol sites of pDI7-hGla. The PGR fragment was constructed by splice 
overlap extension using VhASY 24-17 (hhh) as template and primers LH 1 5 (Seq ID 

30 # 72), LH16 (Seq. ID # 73), LHI7 (Seq ID # 74) and LHI8 (Seq. ID # 75). In 
combination, primers LH15, LHI6 and LH 1 7 encode an EcoRV restriction site, a 
signal peptide and the 5* end of hl06 Vk Primer LH 15 encodes the JH poaion of the 
variable heavy chain gene through an artificial Nhel site at the 5' end of the CH I 
domain. This construction provides for no intron between the JH and CH 1 domains 

35 The PGR reactions were repeated with the two outside primers (LH ! 5 and LH 1 8) to 
ensure a full length product. The outside primers also provided sufTicient overlap with 
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the vector sequences in the target region of the vector to allow cloning by homologous 
recombination. 



To insert the PCR fragment into pD17-hGla, EcoHW and Nhe\ were used to 
linearize the vector and the fragments were ligated and used to transform competent E, 

1 0 coli DH5a by homologous recombination (Babeck et al., 1 993, NucL Acids, Res, 

27:3601-3602). The presence of an insert was determined by PCR and the sequencing 
of the variable region. Figure 1 7 is a depiction of the final construction for pD 1 7- 
hKS.HI . DNA sequencing was carried out for the insert and flanking regions to 
confirm the final product. The nucleic acid (Seq. ID U 78) and amino acid residue 

1 5 (Seq. ID M 79) sequences for the sequenced regions are depicted in Figure 18 

Two other constnicts containing codons which encode the murine amino acid 
residues at positions 24, 55 and 56 (pDI7-hKl .Hl) of the variable heavy chain region 
and the human amino acid residues at positions 24 and 56 and the murine amino acid 
2 0 residue at position 55 (pD 1 7-hK6.H 1 ) were also constructed. The constructions were 
carried out in the same way as described above for pD 1 7-hK8.H I except the PCR 
templates VhTDS 15-34 (nunm) and VhADY 7-8 (hmh), respectively, were used. 

TABLE 14 

2 5 Primers Used in the Construction of Humanized Monoclonal Antibody 106 

LHl - 5' primer for linearizing site poiylinker upstream of CMV promoter 
5'-GATCTGCTAGCCCGGGTGACCTGAGGCGCGCCTTTGGCGCC-3' Seq ID #58 

30 LH2 - 3* primer for linearizing site poiylinker upstream of CMV promoter written in J 
to 5' orientation, 

3'.ACGATCGGGCCCACTGGACGCCGCGCGGAAACCGCGGCTAG.5' 

Seq. ID #59 

35 LH3 - 5' primer for histone H3 transcription termination sequence 

5'-CCGGGCCTCTCAAAAAAGGGAAAAAAAGCATG.3' Seq ID #(iO 
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LH4 - 3' primer for hisionc H3 transcription termination sequence 
3^CGGAGAGTTTTTTCCCTTT"rTTTC-5' SeqlD#61 

LH5 - 5' primer for gastrin transcription termination sequence 
0 5'.CGCGCCGGCTTCGAATAGCCAGAGTAACCTTTTTTTTTA 

ATTTTATTTTATTTTATTTTTGAGATGGAGTTTGG-3' Seq ID #62 

LH6 - 3' primer for gastrin transcription termination sequence 
3'-GGCCGAAGCTTATCGGTCTCATTGGAAAAAAAAATTAA 
5 AATAAAATAAAATAAAAACTCTACCTCAAACCGC-5* Seq ID #6.1 

LH7 - cloning polylinker for pD 1 3 

5" TAGGGAGACCCAAGCTTGGTACCAATTTAAATTGATATC 
TCCTTAGGTCTCGAGTCTCTAGATAACCGGTCAATCGAT 
0 TGGGATTCTT 3' Seq. ID #64 



LH8 - cloning polylinker for pD13 

5GACACTATAGAATAGGGCCCTTCCGCGGTTGGATCCAAC 
ACGTGAAGCTAGCAAGCGGCCGCAAGAATTCCAATCGAT 
TGACCGGTTA 3' Seq ID #65 



:5 



30 



LH9 - sense primer signal peptide region hul06 VL 
ATCTCCTTAGGTCTCGAGACCATGGACATGAGGGTTCCGG 

CTC ^'"^ 

LH 10 - anti-sense primer signal peptide region hu 1 06 VL 
GGAGCCAGAGTAGCAGGAGCCCCAGGAGCTGAGCCGGAAC 

CCTCA S^^'^*^^' 



35 LH 11 - sense primer signal peptide region hu 1 06 VL 

CTGCTACTCTGGCTCCGAGGTGCCAGATGTGACATCCAGAT 
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Seq. ID «6S 
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LH12 - antisense primer huI06VL. jK-and 3* intron 
GATTGACCGGTTATCTAGAGACTCGAGACTTACGTTTGATC 
TCGACCTTGG Seq. ID #69 

LH13 . sense primer Nhe I to BstE II fragment of human gamma I gene, CJa I and 
Nhe I sites underlined 

5* GACCATGATTACGAATTCCMCfiAieCIMiCACCAAGGG 
CCCATCGGTCTTCC 3' Seq. ID #70 

LH14 - antisense primer Nhe 1 to BstE II fragment of human gamma I gene, Xho I 
and BstE U sites underlined 

5- AGCmCGCGAGmfiAOeJIIIIACCACGCTGCTGAGGGA 3*Seq. ID #7 1 



20 LH 1 5 - sense primer for signal peptide region hu 1 06 VH 

TTGCGGCCGCTTGCTAGCACCATGGAACTCGGCCTCCGCTG 

GGTT Seq. ID #72 

LH16 - anti-sense primer signal peptide region hul06 VH 
2 5 CTGGACACCTTCTAAAATAGCAACAAGGAAAACCC AGCGGA 

GGCCGAG '° ""^^ 

LH 1 7 - sense primer signal peptide region hu 1 06 VH 
ATTTTAGAAGGTGTCCAGTGTGAAGTGCAGCTGGTGGAGTC 

Seq. ID #74 

30 TGG ' 

LH 1 8 - antisense primer hu 106VH. JH-CH I region 
TGGGCCCTTGGTGCTAGCCGAGGAGACGGTGACCAGGGTTC 

Seq. ID #75 

35 
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EXAMPLE 14 

Testing of Humanized Monoclonal Antibody 106 for Biolojjic Aciivity 



In this example, the three forms of humanized monoclonal antibody 106 were 
produced by transient expressions from COS cells. The antibodies were tested for { 1 ) 
10 inhibition of B cell proliferation. (2) production of antibodies by activated T cell 
stimulated B cells, and (3) induction of E-selectin expression on endothelial cells 

Transfection of COS cells was carried out as previously described (Linsley el al. 
1 99 1 . J. Exp. Med. 1 7311 U730; AniflFo and Seed, 1 987 7 Null Acad Sd. I ISA 

15 W:8573-8577). Plasmid DNA was added to transfection media at 1 ng/ml in a total 
volume of 12 ml/ 150 mm plate. After seven to 10 days, the culture media was 
collected, cenirifuged to clarify and passed over a proteinA sepharose column as 
described above. The column was then washed with PBS and bound antibody eluied 
with 0.05 M sodium citrate, pH 3.0. Fractions were neutralized, pooled and dialyzed 

20 against cold PBS The dialyzed eluate was concentrated using a Centriprep 

concentrator (Amersham) and protein concentration were determined by absorbance at 
280 nm using an extinction coefficient of 1.35 mlmg 'cm ' 

Inhibition of B cell proliferation by soluble gp39 (sgp39) and anii-human IgM 
2 5 was determined by culturing 5x10* resting human tonsillar cells in the presence of 
sgp39, rabbit anti-human IgM immunobeads and varying amounts of the humanized 
106 monoclonal antibody in 96 well plates for 72 hours al 37X, 6% CO^ The plates 
were then pulsed with 1 nCi/well ('HJ-thymidine for 18 hours and ['H] incorporation 
determined. All tests were performed in triplicate and the results are expressed as 
30 percent inhibition compared to cultures maintained in culture medium only As seen in 
Figure 19, all three humanized whole antibody constructs of monoclonal antibody I0(> 
were capable of inhibiting the stimulation of B cell proliferation by soluble sp39 and 
anti-human IgM. The construct containing the amino acid residues from the miirintr 
sequence at positions 24, 55 and 56 was the most similar lo the original murine 106 
35 antibody. 



HHI 



WO 9&23071 

S Antibody production by human peripheral B cells stimulated with activated T 

cells was tested as described above Brierty. human peripheral blood mononuclear 
cells were depleted of monocytes and natural killer cells and then separated into T cells 
and B cells by E resetting. The isolated T cells were treated with mitomycin C and 
than co-cultured with B cells in anti-CD3 monoclonal antibody coated wells of a 96 
10 well plate in the presence of varying concentrations of the different forms of 

humanized 106 monoclonal antibodies. All tests were run in triplicate and the results 
are expressed as percent inhibition compared to cultures that contained medium which 
did not contain any anti-gp39 monoclonal antibody. 

15 As can be seen in Figure 20, all of the antibodies were able to at least partially 

block the ability of activated T cells to stimulate antibody production by B cells None 
of the humanized antibodies were as capable as the murine anti-gp39 monoclonal 
amibody 106 at blocking antibody production. The antibody having murine amino acid 
residues at positions 24, 55 and 56. hl06.2, was the most successful 

20 

The humanized whole antibody constructs were also tested for their ability to 
prevent the induction of E-selectin expression on endothelial cells by a gp39- T cell 
line. As described above, except that the human umbilical vein endothelial cells were 
co-cultured with BMS-2 cells (a Jurkat line known to const itutively express gp39) 

2 5 instead of sgp39. in the presence of the humanized anti.gp39 monoclonal antibodies 

After four hours, the level of E-selectin expression was measured by ELISA Figure 
21 

Results for this assay, as with the previous assays, demonstrate that all of the 

3 0 humanized whole antibody constructs made inhibit the imeraction between gp39 and 

CD40 preventing, in this case, the induction of the expression of E-selectin on 
endothelial cells by activated T cells. Also, as demonstrated by the assays above, the 
construct having murine amino acid residues at positions 24. 5.S and 56. h 106-2. was 
most like the parental murine monoclonal antibody 106 

35 
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The following hybridoma cell lines were deposited with the American Type 
Culture Collection, 12301 Parklawn Drive, Rockviiie, Maryland 20852-2776, USA 
under the terms of the Budapest Treaty. 



Hybridoma 


ATCC Designation 






39-1.29 


HB 11808 


39-1.132 


HE 11809 


39-1.134 


HB 11810 


39-1.106 


HB 11811 


39-1.7 


HB 1I8I2 


39-1.37 


HB 1 1813 


39-1.77 


HB 1 1814 


39-1.59 


HB 1I8I5 


39-1.122 


HB II8I6 


39-1.156 


HB 1 1817 


39-1.128 


HB 11818 


39-1.124 


HB 1 1819 


39-1.26 


HB 1 1820 


39-1.138 


HB 1 1821 


39-1.3 


HB 11822 


39-7.3E12 


HB 1 1823 


39-5.6E9 




39-9.246 




39-9 i 1 




39-9.274 
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We daim: 



1. A monoclonal antibody, an antigen binding fragmeni or recombinant binding 
protein thereof; which is specific for human gp39 and. (a) binds to a mutant form of 
human gp39 and wild-type gp39 with a similar avidity wherein the mutant comprises 

1 0 tyrosine 145, asparagine 180. or phenylalanine 201 and glutamic acid 202 replaced by 
alanine; (b) has a poor binding avidity to a mutant gp39 as compared to the binding 
avidity to v«ld-typc gp39 wherein the mutant form of gp39 comprises glutamic acid 
129, serine 13 1 and threonine 135, or lysine 143 replaced by alanine; and (c) does not 
react with gp39 by Western blot. 

15 

2. The monoclonal antibody of claim I, wherein the antibody is that secreted 
by the hybridoma 39-1.3 designated ATCG HB 11822,39-1.122 designated ATCC 
HB 1 1 8 1 6, or 39- 1 . 1 38 designated ATCC HB 1 1 821 . 

20 3 . The antigen binding fragment of claim 1 . wherein the fragment is derived 

from the antibody secreted by the hybridoma 39-1.3 designated ATCC HB 1 1 822. 
39-1 . 122 designated ATCC HB 1 1816, or 39-1. 138 designated ATCC HB 1 1821 . 

4. The antigen binding fragment of claim 3, wherein the fragment is a Fab. 
25 F(ab')2. or Fv. 

5. The recombinant binding protein of claim 1, wherein the protein is an sFv. a 
humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 2. 

30 

6. A monoclonal antibody, an antigen binding fragmeni or recombinant binding 
protein thereof, which is specific for human gp39 and. (a) binds to a nuiiant form of 
human gp39 with a somewhat reduced avidity when compared to the binding avidity to 
w:id-type gp39 wherein the mutant form of gp39 comprises tyrosine 145. asparagine 

35 180 or phenylalanine 201 and glutamic acid 202 replaced by alanine, (b) has a poor 
binding avidity to a mutam gp39 compared to the binding avidity to wild-type gp.19 
wherein the mutam form of gp39 comprises glutamic acid 129. serine I-"? I and 

105 



wo 9603071 



PCTAJS96/01119 



5 threonine 135, or lysine 143 replaced by alanine; and (c) does noi rcaci with up.lO by 
Wesiem bloi 

7. The monoclonal antibody of claim 6, wherein the antibody is lhai secreted 
by the hybridoma 39-1 .59 designated ATCC HB 1 181 5 

10 

8. The antigen binding fragment of claim 7, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-1 .59 designated ATCC HB 11815 

9. The antigen fragment of claim 8, wherein the fragment is a Fab. F(ab')2. or 

15 Fv. 

10 The recombinant binding protein of claim 6. wherein the protein is an sFv or a 
recombinant protein comprising a variable region of an antibody of claim 7 

20 1 1 . A monoclonal antibody, an antigen binding fragment or recombinant 

binding protein thereof, which is specific for human gp39 and; (a) binds to a mutant 
form of human gp39 with a somewhat reduced binding avidity when compared to the 
binding avidity to wild-type gp39, wherein the mutant form of gp39 comprises serine 
131 and threonine 135, tyrosine 145, asparagine 180, or phenylalanine 201 and 

2 5 glutamic acid 202 replaced by alanine; (b) has a poor binding avidity to a mutant gp30 

as compared to the binding avidity to wild-type gp39 wherein the mutant form of gp39 
comprises glutamic acid 129, or lysine 145 replaced by alanine: and (c) does not react 
with gp39 by Western blot 

30 12. The monoclonal antibody of claim 1 1, wherein the antibody is that secreted 

by the hybridoma 39-1.37 designated ATCC HB 1 1813 or 39- 11 32 designated ATCC 
HB 11809. 

13 The antigen binding fragment of claim 1 1. wherein the fragment is derived 

3 5 from the antibody secreted by the hybridoma 39-1.37 designated ATCC HB i 1 8 1 3 or 

39-1132 designated ATCC HB 1 1 809 
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J4. The antigen binding fragment of claim 1 1, wherdn the fragment is a Fab. 
F(ab')2, or Fv. 

15. The recombinant binding protein of claim 1 1, wherein the protein is an sFv, a 
1 0 humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 12. 

16. A monoclonal antibody, an antigen binding firagment or recombinant 
binding protein thereof, which is specific for human gp39 and. (a) binds to a mutant 

1 5 form of human gp39 with a somewhat reduced binding avidity when compared to 1 he 
binding avidity to wild-type gp39, wherdn the mutant form of gp39 comprises serine 
131 and threonine 135, tyrosine 145, asparagine 180, or phenylalanine 201 and 
glutamic acid 202 are replaced by alanine; (b) has a poor binding avidity to a mutant 
gp39 compared to the binding avidity to wild-type gp39 wherdn the mutant form of 

20 gp39 comprises glutamic acid 1 29. or lysine 1 43 replaced by alanine; and (c) reacts 
with gp39 by Western blot. 



17. The monoclonal antibody of claim 16. wherein the antibody is that secreted 
by the hybridoma 39- 1 . 1 24 designated ATCC HB 1 1 8 1 9 or 39- 1 . 1 56 designated 
25 ATCC HB 11817. 



18 The antigen binding fragment of claim 16, wherein the fragment is derived 
fi-om the antibody secreted by the hybridoma 39- 1 . 1 24 designated ATCC HB 1 1 8 1 9 or 
39-1.1 56 designated ATCC HB 1 1 8 1 7. 

30 

19. The antigen binding fragment of claim 18. wherein the fragment is a Fab. 
F(ab')i, or Fv. 

20 The recombinant binding protein of claim 16. wherein the protein is an sFv, 
3 5 humanized antibody or a recombinant protein compriang a variable region of an 
antibody of claim 1 7. 
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21 A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and. (a) bind.s to a mutant 
form of human gp39 with a somewhat reduced or similar binding avidity when 
compared to the binding avidity to wild-type gp39. wherein the mutant form of gp39 
10 comprises, glutamic acid 129. serine 131 and threonine 135, tyrosine 145, asparagine 
180 or phenylalanine 201 and glutamic acid 202 replaced by alanine, (b) has a poor 
binding avidity to mutam gp39 comprising lysine 143 replaced by alanine, (c) does not 
bind to gp39 by Western blot. 



15 



22. The monoclonal amibody of claim 21. wherein the amibody is that .secreted 
by the hybridoma 39-1 .7 designated ATCC HB 1 18 12. 39- 1 128 designated ATCC 
HB 1 1818. or 39-1.26 designated ATCC HB 1 1820 

23 The antigen binding fragment of claim 2 1 . wherein the fragmem is derived 
2 0 from the antibody secreted by the hybridoma 39-17 designated ATCC HB 1 1 8 1 2. 
39-1.128 designated ATCC HB 11818, or 39-1.26 designated ATCC HB 1 1820 

24. The antigen binding fragment of claim 23. wherein the fragment is a Fab, 
F(ab')3. or Fv. 

25 

25. The recombinant binding protein of claim 21. wherein the protein is an sFv. a 
humanized amibody or a recombinant binding protein comprising a variable region of 
an antibody of claim 22. 

30 26. A monoclonal antibody, an amigen bindina fragment or recombinant 

binding protein thereof, which is specific for human gp39 and; (a) binds to a mutam 
form of human gp39 and to wild-type gp39 with a similar binding avidity, wherein the 
mutam form of gp39 comprises, glutamic acid 129. serine 131 and threonine 135. 
tyrosine 145, or asparagine 180 are replaced by alanine, (b) has a poor binding avidity 

3 5 to mutam gp39 when compared to the binding avidity to wild-type gp30 comprismg. 
phenylalanine 201 and glutamic acid 202 are replaced by alanine, (c) has a somewhat 
reduced binding avidity when compared to the bindinu avidity to a mutam gp39 than 
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5 wild-type gp39. wherein the mutant form of gp39 comprises lysine 143 replaced by 
alanine and (d) binds to gp39 by Western blot. 

27. The monoclonal antibody of claim 26, wherein the antibody is that secreted 
by the hybridoma 39-1.77 designated ATCC HB 1 1814. 39-1.106 designated ATCC 

10 HB 11811. or 39-1.134 designated ATCC HB 11810 

28. The antigen binding fragment of claim 26. wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-1.77 designated ATCC HB 11814, 
39-1.106 designated ATCC HB 1181 1, or 39-1.134 designated ATCC HB 1 1 8 1 0. 

15 

29. The antigen binding fragment of claim 26, wherein the fragment is a Fab, 
F(ab')2. or Fv 

30. The recombinant binding protein of claim 26. herein the protein is an sFv. a 

2 0 humanized antibody or a recombinant protein comprising a variable region of an 

antibody of claim 27. 

31. The recombinant binding protein of claim 30, wherein the protein is 
106 sFv-lg. 7sFv-Ig, humanized 106 sFv-lg, or humanized 7 sFv-lg. 

25 

32. The recombinant binding protein of claim 30, wherein the protein is 
humanized monoclonal antibody 106. 

33. A monoclonal antibody, an antigen binding fragment or recombinant 

3 0 binding protein thereof, which is specific for human gp39 and; (a) binds to a mutant 

form of human gp39 and wild-type gp39 with a similar binding avidity, wherein the 
mutant form of gp39 comprises glutamic acid 129, serine 13 1 and threonine 135. lysine 
143, tyrosine 145. or asparagine 180 replaced by alanine, (b) has poor binding avidity 
to mutam gp39 compared to the binding avidity to wild-type gp39 wherein the mutani 
3 5 form of gp39 comprises phenylalanine 20 1 and glutamic acid 202 replaced by alanine, 
(c) binds to gp39 by Western blot 
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34. The monoclonal antibody of claim 33. wherein the antibody is that secreted 
by the hybridoma 39-1 .29 designated ATCC HB 1 1808 

35. The antigen binding fragment of claim 33, wherein the fragment is derived 
1 0 from the antibody secreted by the hybridoma 39- 1 .29 designated ATCC HB 1 1 808 

36. The antigen binding fragment of claim 35, wherein the fragment is a Fab, 
F(ab')2, or Fv. 

1 5 37. The recombinant binding protein of claim 33, wherein the protein is an 

sFv, a humanized antibody or a recombinant protein comprising a variable region of 
the antibody produced by the hybridoma 39- 1 .29 desiynaied ATCC HB 1 1808 

38. A monoclonal antibody, an antigen binding fragment or recombinant 
20 binding protein thereof, which is specific for human gp39 and; (a) binds to a muiani 

form of human gp39 and wild-type gp39 with a similar binding avidity, wherein the 
mutant form of gp39 comprises glutamic acid 129, serine 131 and threonine 135. 
tyrosine 145, or asparagine 180 replaced by alanine, (b) has somewhat reduced binding 
avidity to a mutant gp39 when compared to wild-type gp39 wherein the mutant 
25 comprises lysine 143 replaced by alanine, and (c) does not bind to gp39 by Western 
blot 

39. The monoclonal antibody of claim 38, wherein the antibody is thai secreted 
by the hybridoma 39-7.3E12 designated ATCC HB 1 1823 

30 

40. The antigen binding fragment of claim 38, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-7.3EI2 designated ATCC HB 1 1823 

41 . The antigen binding fragment of claim 40, wherein ilie fragment is a Fab, 
35 F(ab*)2, or Fv. 
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5 42. The recombinant binding protein of claim 38. wherein the protein is an 

sFv, a humanized antibody or a recombinant protein comprising a variable region of* 
the antibody produced by the hybridoma 39-7.3E12 designated ATCC HB 1 1823. 

43. A monoclonal antibody, an antigen binding fragment or recombinant 
1 0 binding protein thereof, which is specific for gp39 and, (a) binds to a mutant form of 
human gp39 and wild-type gp39 with a similar avidity wherein the mutant comprises 
glutamic add 129 replaced by alanine; (b) binds to a mutant form of human gp39 with 
a somewhat reduced a\adity when compared to the binding avidity to wild-type gp39 
wherein the mutant form of gp39 comprises serine 1 3 1 and threonine 135. asparayine 
15 1 80. or phenylalanine 201 and glutamic acid 202 replaced by alanine; (c) has a poor 
binding avidity to a mutant gp39 compared to the binding avidity to wild-type gp30 
wherein the mutant form of gp39 comprises lysine 143 or tyrosine 145 replaced by 
alanine; and (d) does not react with gp39 by Western blot. 

20 44. The monoclonal antibody of claim 43. wherein the antibody is that secreted 
by the hybridoma 39-5.6E9 designated ATCC HB 

45. The antigen binding fragment of claim 43, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-5. 6E9 designated ATCC HB 

25 

46. The antigen binding fragment of claim 45, wherein the fragment is a Fab. 
F(ab')i. or Fv. 

47. The recombinant binding protein of claim 43. wherein the protein is an 

3 0 sFv, a humanized antibody or a recombinant protein comprising a variable region ol aii 
antibody of claim 44. 

48. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and. (a) binds to a mutant 

3 5 form of human gp39 with a similar or somewhat reduced avidity wher.'compared to the 
binding avidity to wild-type gp39 wherein the mutant form orgp39 comprises glutamic 
acid 129, serine 131 and threonine 135, lysine 143. tyrosine 145. asparagine ISO. or 

W) 
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5 phenylalanine 201 and glutamic acid 202 replaced by alanine, and (b) reacts with uipi^w 
by Wesiem blot. 

49. The monoclonal antibody of claim 48. wherein the antibody is that secreted 
by the hybridoma 39-9.246 designated ATCC HB 

10 

50. The antigen binding fragment of claim 48, wherein the fragmem is derived 
from the antibody secreted by hybridoma 39-9.246 designated ATCC HB 

5 1 The antigen binding fragment of claim 50. wherein the fragment is a Fab. 
15 F(ab')2. or Fv. 

52. The recombinant binding protein of claim 48. wherein the protein is an 
sFv, a humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 49. 

20 

53. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof which is specific for human gp39 and, (a) binds to a mutant 
form of human gp39 and wild-type gp39 with similar avidity wherein the mutant 
comprises glutamic acid 129. serine 131 and threonine 135. tyrosine 145 or 

2 5 phenylalanine 20 1 and glutamic acid 202 replaced by alanine; (b) has a somewhat 

reduced avidity v^rhen compared to the binding avidity to wild-type gp39 wherein the 
mutant form of gp39 comprises lysine 143 replaced by alanine; (c) has poor binding 
avidity to a mutant gp39 as compared to the binding avidity to wild-type gp39 wherein 
the mutant form comprises asparagine 180 replaced by alanine: and (d) does not react 

3 0 with gp39 by Western blot. 

54. The monoclonal antibody of claim 53. wherein the antibody is that secreietl 
by the hybridoma 39-9. 1 1 designated ATCC HB 

35 5 5. The antigen binding fragment of claim 5 3 . wherein the fragn.eni is cieri veil 
from the antibody secreted by the hybridoma 39-9 1 1 designated ATCC HB 
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56. The antigen binding fragment of claim 55, whcrdn the fragmeni is a Fab, 
F(ab')2, or Fv, 

57. The recombinant binding protdn of claim 53, wherein the protein is an 

1 0 sFv, a humanized antibody or a recombinant protein comprising a variable region of an 
antibody of claim 54. 

58. A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof, which is specific for human gp39 and, (a) binds to a mutant 

1 5 form of human gp39 and wild-type gp39 with similar avidity wherein the mutant 
comprises glutamic acid 129, serine 131 and threonine 135, tyrosine 145 or 
phenylalanine 201 and glutamic acid 202 replaced by alanine: (b) has a somewhat 
reduced avidity when compared to the binding avidity to wild-type gp39 wherein the 
mutant form of fip39 comprises lysine 143 replaced by alanine; (c) has poor binding 

2 0 avidity to a mutant gp39 as compared to binding avidity to wild-type gp39 wherein the 

mutant form comprises asparagine 180 replaced by alanine; and (d) reacts with gp39 
by Western blot. 

59. The monoclonal antibody of claim 58, wherein the antibody is that secreted 
25 by the hybridoma 39-9.274 designated ATCC HB 

60. The antigen binding fragment of claim 58, wherein the fragment is derived 
from the antibody secreted by the hybridoma 39-9.274 designated ATCC HB 

30 61 . The antigen binding fragment of claim 60, wherein the fragment is a Fab, 

F(ab*)2.orFv 

62. A monoclonal antibody, an antigen binding fragmeni or recombinant 
binding protein thereof wherein the antibody is reactive with human gp39, but is not 

3 5 highly reaaive v^th a mutant human gp39 wherein the glutamic acid a! position 1 29 is 

replaced by an alanine. 
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63. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 62, wherein the antibody, binding fragment or 
recombinant binding protein is further characterized by the binding to gp39 by Western 
blot. 

10 

64. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 62, wherein the antibody, binding fragment or 
recombinant binding protein thereof is further characterized by the inability to 
recognize human gp39 by Western blot. 

15 

65. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody is reactive with human gp39. but is not highly 
reactive with a mutant of human gp39 wherein the serine at position 131 and the 
threonine at position 135 have been replaced by alanine 

20 

66 The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 65, wherein the antibody, antigen binding fragmeni or 
recombinant binding protein is further characterized by the binding of the antibody or 
antigen binding fragment thereof to human gp39 by Western blot 

25 

67. The monoclonal antibody, antigen fragment or recombinant binding protein 
thereof of claim 65, wherein the antibody, antigen binding fragment or recombinant 
binding protein is further characterized by the inability to recognize human gp39 by 
Western blot. 

30 

68. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 
protein is reactive with human gp39, but is not similarly reactive with a mutant of 
human gp39 wherein the lysine at position 143 has been replaced by alanine 

35 

69. The monoclonal^ntibody, antigen bindinu fragmeni or recombinant 
binding protein thereof of claim 68, wherein the antibody, antigen binding fragment or 
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5 recombinant binding protein is ftirther characterized by the inability to bind i;p."?0 by 
Western blot 

70. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 68, wherein the antibody, antigen binding fragment or 

1 0 recombinant binding protein is further characterized by the ability to bind gp39 by 
Western blot. 

71. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragmem or recombinant binding 

1 5 protein is reactive with human gp39. but is not highly reactive with a mutant of human 
gp39 wherein the tyrosine at position 145 has been replaced by alanine 

72. The monoclonal antibody, antigen binding fragment or recombinani 
binding protein thereof of claim 71, wherein the antibody, antigen binding fragment or 

2 0 recombinant binding protein is further characterized by the inability to bind gp39 by 

Western blot. 

73 A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 
2 5 protein is reactive with human gp39, but is not similarly reactive with a mutant of 
human gp39 wherein the asparaginc at position 180 has been replaced by alanine 

74. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 73. wherein the antibody, antigen binding fragment or 

30 recombinant binding protein is further characterized by the inability to bind gp39 by 
Western blot. 

75. The monoclonal antibody, antigen binding fragmem or recombinant 
binding protein thereof of claim 73, wherein the antibody, amigen binding fragment or 

3 5 recombinant binding protein is further characterized by the ability to bind gp39 by 

Western blot. 
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76. A monoclonal antibody, antigen binding fragment or recombinant binding 
protein thereof, wherein the antibody, antigen binding fragment or recombinant binding 
protein is reactive with human gp39, but is not highly reactive with a mutant of human 
gp39 wherein the phenylalanine at position 201 and the glutamic acid at position 202 

1 0 has been replaced by alanine. 

77. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 76, wherein the antibody, antigen binding fragment or 
recombinant binding protein is further characterized by the inability to bind gp39 by 

15 Western blot 

78. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein thereof of claim 76. wherein the antibody, antigen binding fragment or 
recombinant binding protein is further characterized by the ability to bind gp30 by 

2 0 Western blot 

79. A method for the detection of X-linked hyper IgM syndrome comprising: 

a) isolating peripheral blood lymphocytes from a patient: 

b) activating the isolated peripheral blood lymphocytes; 

25 c) fixing and permeabilizing the isolated and activated peripheral blood 

lymphocytes; 

d) admixing a monoclonal antibody, antigen binding fragment or 
recombinant binding fi"agment thereof, of any of claims I through 78, with the 
activated, fixed and permeabilized peripheral blood lymphocytes, 
30 e) detecting antibody bound to the cells 

80. The method of claim 79, wherein the antibody, antigen binding fragment or 
recombinant binding fragment thereof, is conjugated with a delectable label 

35 81. The method of claim 79, wherein the m-ethod ftirther comprises the step of 

adding a labeled secondary antibody specific for the first antibody, antigen binding 
fragment or recombinant binding fragment thereof, after step (d) 
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82. The method of claim 81, wherein the label is a lluorophor. radioactive 
isotope, enzyme, or chromophore. 

83. A monoclonal antibody, an antigen binding fragment or recombinant 

10 binding protein thereof of any of claims 1 through 78, conjugated to detectable marker 

84. The monoclonal antibody, antigen binding fragment or recombinant 
binding protein of 83, wherein the delectable marker is a fluorophor, radioactive 
isotope, enzyme, or chromophore, 

15 

85 A monoclonal antibody, an antigen binding fragment or recombinant 
binding protein thereof of any of claims 1 through 78, wherein the antibody is 
conjugated to a therapeutic agent. 

20 86. The monoclonal antibody, antigen binding protein or recombinant binding 

protein of claim 85, wherein the therapeutic agent is a radioisotope, a toxin, or a 
chemotherapeutic agent. 

87. The recombinant binding protein of any of claims 1 through 78, wherein 
25 the recombinant binding protein comprises a variable region capable of binding to the 

antigen and a protein toxin or therapeutic agent in the form of a fusion protein. 

88. HybridomaHB 1I808,HB 11809,HB 11810, HB 1I81KHB 11812, 
HB 118]3,HB 1I8I4,HB 11815, HB 11816, HB 1 1817, HB 1 1818, HB II8I9, 

30 HB 11820, HB 11821, HB 11822,HB I1823,HB , HB , HB , and 

HB as deposited with the American Type Cuhure Collection. 

89. An isolated and purified nucleic acid sequence which encodes an 
immunoglobulin light chain variable region having the amino acid residue sequence of 

3 5 Sequence 1D# 12. 



115 



5 



WO 96/23071 PCT/US96/01119 

90. The nucleic acid sequence of claim 89, wherein the nucleic acid sequence 
is that of Sequence ID# 1 1 



91. An isolated and purified nucleic acid sequence which encodes an 
immunoglobulin heavy chain variable region having the amino acid residue sequence of 
10 Sequence ID# 14. 

92 The nucleic acid sequence of claim 91, wherein the nucleic acid sequence 
is that of Sequence ID# 13. 

15 93 An isolated and purified nucleic acid sequence which encodes an 

immunoglobulin light chain variable region having the amino acid residue sequence of 
Sequence IDU 16 

94. The nucleic acid sequence of claim 93, wherein the nucleic acid sequence 
2 0 is that of Sequence ID# 15. 

95. An isolated and purified nucleic acid sequence which encodes an 
immunoglobulin heavy chain variable region having the amino acid residue sequence of 
Sequence 1D# 18. 

25 

96 The nucleic acid sequence of claim 95, wherein the nucleic acid sequence 
is that of Sequence ID* 17. 

97. A pharmaceutical composition comprising a monoclonal antibody, antigen 
30 binding fragment or recombinant binding firagment thereof, of any of claims I through 
78, and a pharmaceuiically acceptable carrier 

98 A pharmaceutical composition comprising a monoclonal antibody, antigen 
binding fragment or recombinant binding fragment thereof, of any of claims I through 
35 78, conjugated io a detectable marker and a pharm.3ceutically acceptable carrier 
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5 99. A pharmaceutical composiiion comprising a monoclonal antibody, antigen 

binding fragmeni or recombinant binding fragment thereof, of any of claims I through 
78, conjugated to a therapeutic agent and a pharmaceuiically acceptable ageni 

100. A method for inhibiting the activation of B cells in an animal comprising 
10 the administration to an animal an effective amount of the pharmaceutical composition 

of claim 76. 

101. The method of claim 100, wherein the animal is a human. 

15 102. A method for inhibiting the activation of B cells in an animal comprising 

the administration to an animal an effective amount of the pharmaceutical composition 
of claim 78. 

103. The method of claim 102, wherein the animal is a human. 

20 

104. A method for inhibiting the growth of tumor cells expressing gp39 
antigen comprising administering to an animal a tumor inhibiting amount of a 
pharmaceutical composition of claim 99. 

25 105. The method of claim 104, wherein the animal is a human. 

106. The method of claim 104, wherein the therapeutic agent is a radioactive 
isotope or a toxin. 

30 107 The method of claim 102, wherein the inhibition of the activation of 8 

cells prevents an autoimmune response, the rejection of a transplanted organ, graft - 
versus-host disease, an allergic response, or an inflammatory response 

108 The method of claim 107, wherein the autoimmune disease is psoriasis, 
35 rheumatoid arthritis, systemic lupus erythematosus or diabetes mcllitus 



117 



wo 96/29071 PCT/USW0I119 

5 1 09. A method for the imaging of cells expressing gp39 on their surface in a 

patient comprising: 

(a) administering to a patient a pharmaceutical composition of claim 97 
under conditions permitting the formation of a binding protein/antigen complex on the 
surface of the cells expressing gp39; and 
1 0 (b) detecting the presence of the binding protein/antigen complex on the 

surface of the cells as indicated by the presence of the detectable marker. 
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Leader 1 

Cmsvptqvlgllllwltgarc3 D I 

ATGAGTGTGCCCACTCAGGTCCTGGGGTTGCTGCTGCTGTGGCTTACAGGTGCCAGATGTGACATC 



10 20 

QMTQSPASLSASVGETVTIT C LL. 
CAGATGACTCAGTCTCCAGCCTCCCTATCTGCATCTGTGGGAGAGACTCTCACCATCACATGTCGA 



CDRl 30 40 

~S E T I Y S Y L A i W YQQKQGRSPQL 



GCAAGTGAGACTATTTACAGTTATTTAGCTTGGTATCAGCAGAAACAGGGAAGATCTCCTCAGCTC 
50 CDR2 60 



L V Y 



naktlaeIg VPSRFSGSGSG 



CTGGTCTATAATGCAAAAACCTTAGCAGAAGGTGTGCCATCAAGGTTCAGTGGCAGTGGATCAGGC 

70 80 90. 

TQFSLKINSLQPEDFGSYY C | Q H 
ACACAGTTTTCTCTGAAGATCAACAGCCTGCAGCCroAAGATTTroGGAGTO 



CDR3 



H Y N T P L T 



100 



FGTGTKLELKR 
CATTATAATACTCCG CTCACGTTCGGTACTGGGACCAAGCTGGAGCTGAAACGG 

JK5 



Figure 6A 
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Leader 1 

Cmkfgfsliflvlvlkgvqc} E V k 

ATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTTT^ 



10 20 
LVESGGGLVKP6GSLKL5CTTS 
CTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAAACTCTCCTGTACAACCTC^ 



G F 



30 
N 



N 



CDRl 

Y A M s I w y 



40 

R Q T P E 



K R L E W 



GGATTCACTTTCAATAACTATGCCATGTCTTGGGTTCGCCAGACTCCAGAGAAGAGGCTGGAGTGG 



50 



CDR2 



60 



V A 



STYYPDSVR 



R F 



GTCGCATCCATTAGTAGTGGTGATAGCACCTACTATCCAGACAGTGTGAGGGGCCGATTCACCATC 



70 80 82 a b c 

SRDNARNILYLQMSSLRSEDTA 
TCCAGAGATAATGCCAGGAACATCCTGTATCTGCAAATGAGCAGTCTGAGGTCTGAGGACACGGCC 



CDR3 



100 a b c 



H 



90 

M Y Y C A 

ATGTATTACTGTGCAAGGCACTATGATTACGACAGCTATGCTATG GACTACTGGGGTCAAGGA^^ 

JH2 



dydsyamdI Y W G Q G 



110 

S V T V S S 
TCAGTCACCGTCTCCTCA 



Figure 6B 
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7 VL NUCLEOTIDE AND DEDUCED AMINO ACID SEQUENCE 

Leader 1 

Cmetdtlllwvlllwvp gst(D d I 

ATGGAGACAGACACACTCCTGCTATGGGTGCTGCTGCTCTGGGTTCCAGGTTCCACTGGTGACATT 

10 20 

VLTQSPVSLAVSLGQRVTIS C 
GTGCTGACACAGTCTCCTOTTTCCTTAGCTGTATCTCTGGGGCAGAGGGTCACCAT^^ 



CDRl 27 a b c d 30 40 

asqsvssstnsymhI w Y Q Q K P G Q 

GCCAGCCAAAGTGTCAGTTCATCTACCAATAGTTATATGCACTGGTACCAACAGAAACCAGGACAG 



50 CDR2 60 

P P K L L I k IyASMLESI g V P A R F S G 
CCACCCAAACTCCTCATCAAGTATGCATCCAACCTAGAATCTGGGGTCCCTGCCAGGTTCAGTGGC 



70 80 
SGSGTDFTLNIHPVEEEDTATY 

AGTGGGTCTGGGACAGACTTCACCCTCAACATCCATCCTGTGGAGGAGGAGGATACTGCAACATAT 



90 CDR3 100 

y c iOHSWEIPFTl FGSGTKLEIRR 
o^arvTV^TY'iLrtr'&ranTT'nRnAGATTCCA TTCACGTTCGGCTCGGGGACAAAGT TGGAAATAAGACGG 

JK4 
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7 VH NUCLEOTIDE AND DEDUCED AMINO ACID SEQUENCE 



Leader I 

rMGWSWIFLF LLSGTGGVLS) E V Q 
ATGGGATCGAGCTGGATCTTTCTCTTTCTCTTGTCAGGAACTGGAGGTGTCCTCTCTtS 



10 20 
LQQSGPELVKPGASVKMSCKAS 
CTGCAACAGTCTGGACCTGAACTCGTGAAACCT6GGGCTTCAGTGAAGATGTCCTCCAAGGCTTCT 



30 CDRl 40 

g y t f t 1 p y y m k | w vkqshgkslew 
ggattcactttcaataactatgcx:atgtcttgggttcgccagactccagagaagaggctggagtgg 

50 52 a CDR2 60 



G 



NINPNNGDTF F N Q K F E G I K A T 



ATTGGAAATATTAATCCTAACAATGGTGATACTTTCTTCAACCAGAAGTTCGAGGGCAAGGCCACG 



70 80 . 82 a b C 

LTVDKSSSAAYMQLNSLTSEDS 

TTGACTGTAGACAAATCCTCCAGCGCAGCCTACATGCAGCTCAACAGCCTGACATCTGAAGACTCT 



90 CDR3 100 a 

A V Y Y C A r IgPGTWYFDYI W G Q G 



nrAnTTTATTAPTnT'CCAAGAGGGCCTGGGACGAACTACTTTGAC TACTGGGGCCAAGGCACCACT 

JH2 

110 

L T V S S 
CTCACAGTCTCCTCA 



Figure 7B 
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ELISA.plate coated with mouse gp39 
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ELISA plate coated with human gp39 
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Saturation Binding (BMS-10) 
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weakened SV40 promoter 
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980 990 1000 1010 1020 1030 

CTATAGGGAGACCCAAGCTTGGTACCAATTTAAATTGATATCTCCTO 
GATATCCCTCTGGGTTCGAACCATGGTTAAATTTAACTATAGAGGAATCCAG 
LeuEndGlyAspProSerLeuValProIleEndlleAapIleSerLeuGlyLeu 

1040 1050 1060 1070 1080 1090 

TCGAGACCATCGACATGAGGGTTCCGGCI^GCrCCTGGGGCTCCTG^ 
AGCTCTGGTAGCTGTACTCCCAAGGCCGAGTCGAGGACCCCGAGGACGATGAGACCGAGG 
GluThrlleAspMetArgValProAlaGlnLeuLeuGlyLeuLeuLeuLeuTrpLeuArg 

1100 1110 1120 1130 1140 1150 

GAGGTGCCAGATGTGACATCCAGATGACTCAGTCTCCATCATCCCTATCTGCATCTGTGG 
CTCCACGGTCTACACTGTAGGTCTACTGAGTCAGAGGTAGTAGGGATAGACGTAGACACC 
GlyAlaArgCysAspIleGlnMetThrGlnSerProSerSerLeuSerAlaSerValGly 

1160 1170 IIBO 1190 1200 1210 

GAGATCGAGTCACCATCACATGTCGAGCAAGTGAGACTATTTACAGTTATTTAGCTTGGT 
CTCTAGCTCAGTGGTAGTGTACAGCrrCGTTCACTCTGATAAATGTCAATAAATCGAACCA 
AspArgValThrlleThrCysArgAlaSerGlUThrlleTyrSerTyrLeuAlaTrpTyr 

1220 1230 1240 1250 1260 1270 

ATCAGCAGAAACCTGGAAAGGCACCTAAGCTACTAGTCTATAATGCAAAAACCTTAGCAG 
TAGTCGTCTTTGGACCTTTCCGTGGATTCX»TGATCAGATATTACGT^^ 

GlnGlnLysProGlyLysAlaProLysLeuLeuValTyrAsnAlaLysThrLeiiAlaGlu 

1280 1290 1300 1310 1320 1330 

AAGGTGTGCCATCJAGGTTCAGTGGCAGTGGATCAGGCACAGAC^ 
I^CCACACGGTAGTTCCAAGTCACCGTCACCTAGTCCGTGTCTGAAATGTGACTGCTAGA 
GlyValProSerArgPheSerGlySerGlySerGlyThrAspPheThrl#euThrIleSer 

1340 1350 1360 1370 1380 1390 

CAAGCCroOlGCCTGAAGATTTTGCAACTTATTACTGTCAACAT^ 
GTTCGGACGTCGGACTTCTAAAACGTTGAATAATGACAGTTGTAGTAATATT^^ 

SerLeuGlnProGluAspPheAlaThrTyrTyrCysGlnHisHisTyrAsnThrProLeu 

1400 1410 1420 1430 1440 1450 

tcacgttcggtggagggaccaaggtcgagatcaaacgtaagtct^gagtctctagat;^ 
agtgcaagccacctccctggttccagctctagtttgcattcagagctcagagatctattg 

ThrPheGlyGlyGlyThrLysValGluIleLysArgLysSerArgValSerArgEndPro 

1460 1470 1480 1490 1500 

CGGTCAATCGATTGGAATTCTAAACTCTGAGGGGGTCGGATG 
GCCAGTTAGCTAACCTTAAGATTTGAGACTCCCCCAGCCTAC 
ValAsnArgLeuGluPheEnaThrLeuArgGlySerAsp 
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9ao 990 1000 1010 1020 1030 

ACTATAGGGAGACCCAAGCTTGGTACCAATTTAAATTGATATCTCCTTAGGTCTCGAG 
TGATATCCCTCTGGGTTCGAACCATGGTTAAATTTAACTATAGAGGAATCCAGAGCTC 
ThrlleGlyArgProLysLeuGlyThrAsnLeiiAsnEndTyrLeuLeuArgSerArgVal 

1040 1050 1060 1070 1080 1090 

TCTCTAGATAACCGGTCAATCGATTGGAATTCTTGCGGCCGCTTGCTAGCACCATGGAAC 
AGAGATCTATTGGCCAGTTAGCTAACCTTAAGAACGCCXKSCGAACGATCGTGGTACCTTG 
SerArgEndProValAsnArgLeuGluPheLeuArgProLeuAlaSerThrMetGluLeu 

1100 1110 1120 1130 1140 1130 

TCGGCCrCCXSCTGGGTTTTCCTTGTTGCTATTTTAGAAGGTGTCCAGTGTGAAGTGCAGC 
AGCCGGAGGCGACCCAAAAGGAACAACGATAAAATCTTCCACAGGTCACACTTCACGTCG 
GlyLexiArgTrpValPheLeuValAlalleLeuGluGlyValGlnCysGluValGlnLeu 

1160 1170 1180 1190 1200 1210 

TGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAGGCTCTCCTGTGCAA 
ACCACCTCAGACCCCCTCCGAATCACTTCGGACCTCCCAGGGACTCCGAGAGGACACGTT 
ValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuArgLeuSerCysAlaThr 

1220 1230 1240 1250 1260 1270 

CCTCTGGATTCyiCTlT'CAATAACTATGCC»TGTCTTGGGTTCGCCAGGCACCAGGTAAGG 
GGAGACCTAAGTGAAAGTTATTGATACGGTACAGAACCCAAGCGGTCCGTGGTCCATTCC 
SerGlyPheThrPheAsnAsnTyrAlaMetSerTrpValArgGlnAlaProGlyLysGly 

1280 1290 1300 1310 1320 1330 

GACTGGAGTGGGTCGCTAGCATTAGTAOTGGTGATAGCATCTACTATGCTGACAGTGTGA 
CTGACCTCACCCAGCGATCGTAATCATCACCACTATCXITAGATGATACGACTGTCACACT . 
LeuGluTrpValAlaSerlleSerSerGlyAspSerlleTyrTyrAlaAspSerValLys 

1340 1350 1360 1370 1380 1390 

AAGGCCGATTCACCATCTCGAGAGATAATGCCAAAAACATCCT6TATCTGCAGATGAACA 
TTCCGGCTAAGTGGTAGAGCrCTCTATTACGGTTTTTGTAGGACATAGACGTCTACTTGT 
GlyArgPheThrlleSerArgAspAsnAlaLysAsnlleLeuTyrLeuGlnMetAsnSer 

1400 1410 1420 1430 1440 1450 

GTCTGAGGGCAGAGGACACGGCCGTCTATTACTGTGCAAGGCACTATGATTACGACAGCT 
CAGACTCCCGTCTCCTGTGCCGGCAGATAATGACACGTTCCGTGATACTAATGCTGTCGA 
LeuArgAlaGluAspThrAlaValTyrTyrCysAlaArgHisTyrAspTyrAspSerTyr 

1460 1470 1480 1490 1500 1510 

ATGCTATGGACTACTGGGGTCAAGGAACCCTGGTCACCGTCTCCTCGGCTAGCACCAAGG 
TACGATACCTGATGACCCCAGTTCCTTGGGACCAGTGGCAGAGGAGCCGATCGTGGTTCC 
AlaMetAspTyrTrpGlyGlnGlyThrLeuValThrValSerSerAlaSerThrLysGly 

1520 1530 
GCCCATCGGTCTTCC 
CGGGTAGCCAGAA6G 
ProSerValPhe 
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IntenuitanalapplicauonM-. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRule 13irtf) 



A. The indications made below reUte lo the ntooofBsnisni fcferred to inlbe description 



.liaeB 



B. IDENTIFICATION OF DEPOSIT 



Furtber deposits ore idcnUriod en an additionslslMCt Q 



Name of dcposiury institution 

American Type Cultiare Collection 



Address of deposiurjr institution fmchdimf potui tod* •md tmiMt/y) 

12301 Parklavn Drive 
RockvillB/MD 20852 
USA 



Date of deposit 

20 Jan 1995 


Aeocsston Number 
HB-11808 


C. ADDITIONAL INDICATIONS (ittmbkukifsM mpfikM 


Tlib information is oontinued on an additional aboat 



In respect ot all aosignacea dcaces an wniw ZLa e^.^I 

extent that it ia legally penniaaible under the law o£ the SSwii 
is requested that a sasple o£ the deposited niicroorganiflm(a) be made available 
only by issue thereof to an independent expert, in accocdance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (iftheuaicmiuMU^ftmot/ar^ftdtMi g M ifd totfi j 



E. SEPARATE FURNISHING OF INDICATIONS (ImmhkMk^t wtmpfjkMtj 

Tlie tndicaUona listed bekrw will be submtltod to ibolmemstioiial Bureau Uitr(sptdfydiMtamml0mw9cfthei^ii€m^p. 'A 



Hwmher^fDtpmii') 



For receiving OCTice use only 



{~| This afaeet was reoeived with tbe international application 



Authorized officer 



For International Bureau use only 



j~| Tiila abcel waa reoaived by the International Bman t 



Attlbonxed ofTioer 



Form PCr/RO/134 (July 1992) 



Applicvii^ or agent's file 
reference number 



r 1I33A 



lmerraticNut«ppliGiik>n^'^. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCrRu2e!3^ftf) 



A. Tbe indications made below relate lo Ihe niicroorganiani fcfcmd to in the description 
on pace 5-24 



n. IDENTIFICATION OF DEPOSIT 



Further depoaiu arc idcntiOed on an additional iha at | X| 



Name of depoaiury insiiiuiion 
American Type Culti2re Collection 



Addreai ofdepoiiury institution (ifiehiding potiti tpifnd tamiufy) 

12301 Parklawn Drive 
Rockville^MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
fIB-lia09 



C. ADDITIONAL INDICATIONS (Itt^hltmkifMi wppik^) Hits informaiion U continued on an addttiooai abed Q 



In respect o£ all designated States in ^ich such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a sanple of the deposited micrcorganismCs) be made available 
only by issue thereof to an independent expert « in accordance with the relevant 
patent legislation e.g. ETC Rule 28(4)/ United Kingdom Patent Rules 1982 rule 
17 (3)/ Australian Regulaticm 3.25 (3) and generally similar provisions 
imatatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (i/i^ iW^aaaw arc net /br«//ien>iaiofA^ 



E. SEPARATE FURNISHING OF INDICATIONS (le^ye hkmk if mat spplicMt) 



The indications listed below wilt be submitted to the International Bureau httr (specify the garni M(m of the inditmtmsm^^ 'Ac 
Nymbct cfDtpotit') 



For receivinf Offlce use only 



I I This sheet was received with the international application 



Authorized ofTiccr 



For International Bureau use only 



This sheet was received by the International Bureau on: 



Authorized officer 



Form PCr/RO/l34 (July 1992) 



Appiicinl^ or «gent% file 
refcreaoe number 



r "I133A 



IntenuifonaUpplicitionH'^. pCT^9g/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCX Rule I36a) 



A. Hie indicaliotts msde below rekle lo the nierooffiiuim refetrtd to ifl tte deacnpiion 
on pace 5-24 



n. IDENTIFICATION OF DEPOSIT 



Further depoihs are Uentined on an addkkmtlftbMt Q 



Name of depoaiury iaatttuiioii 

American Type Culture Collection 



Addreaa of depositary institution (imclmdingpoM^tod^mttd cmiarf) 

12301 ParUawn Drive 
Roclcville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Acoeuion Ntimber 
H&--11810 



C. ADDITIONAL INDICATIONS (itm^bktik ifmM mpplkM4 Hit* tnfonnatton is oonUfsued on an addiUooal aboel Q 



In respect ot all designated States in which such action is possible and to the 
extent that it is legally permiasihle under the lav of tha designated State « it 
is requested that a sanple of the deposited microorganism(a) be made available 
only by issue thereof to an independent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdcm Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MAVE ft f the ytdieatitmifrtmit /or taJtmptttrndSuttM) 



E. SEPARATE |!ljRNISHmGOFINDICATIONSr/«MMbidbi/fiof4ViyW^^ 



The indications liatcd below will be submitted lo the Imemational Bureau Utcr (Ypec^/Acfcnm/Mfa/c^tfccMiiflfiiom&f, 'Ac 



For receiving OfTice us« only 



ri "niis sheet wss received with the international application 



Authorized officer 



For International Btneau use only 



Thta sheet was received by the Intemstional Bureau on: 



Authorized ofriccr 



Fonn PCr/RO/l J4 (July 1992) 



Applicant*! or n^eni's (tie 
rcrerenoe number 



r 1133A 



IniemitonaUpphcition^'). pCT/95/0X119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCX Rule 



A. The indicilioos made below relate lo the nicroorginitm refened to in the <iescription 
on pace — 5-24 



JineS 



D. IDENTIFICATION OF DEPOSIT 



Further deposiu are idcniiried en an addiliona I shed Q 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution ftnclftdini postMl todfmd cemmuy) 

12301 Parklawn Drive 
Roc)cville,MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11811 



C ADDITIONAL INDICATIONS (/em bkttk ifmpt mppiicabk) Tilts inforinstion is continued on sn eddttional shett Q 



m respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State # it 
is requested that a sasple of the deposited microorganismCs) be made available 
only by issue thereof to an ind^)enclent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Ringdcm Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifihchJicBiiimsmrtmctfarmllJetigmmtdSuUi} 



E. SEPARATE FURNISHING OF INDICATIONS (hm^bhmkif»et appiicMble) 



The indications listed below will be submitted to the Intmaiional Bureau UitriMptafythtgtMr^imstMrtefihtimdiiatimMAg^ 
Nmmher af Dtposii ^ 



For receiving OCItce use only 



n Tbtt sheet wet leccived with the international epplicatton 



Authorized officer 



For International Bureau use only 



n This sheet was received by the f ntemstionat Burceu on: 



Auihorized ofTicer 



Fomi PCr/RO/134 (July 1992) 



Appiicint's Of <gent% file ^ 
refercnGc number 



i3aA 



ImcfittitooilippitciiionN pc^/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRulc \2bis) 



A* The indicitiofa nude belovr relate lo the microorsmain reremd lo in the deecripiMMi 
oopgc .liiieB 5-24 



B. IDENTIRCATION OF DEPOSIT 



Further depotiU are ideniilied on an additional abeei pc] 



Name of depoaiury iratitution 
Afloerican Type Culture Collection 



Addreit of depoaiUry institution ftmeladimg /ettfW corf« emiuryi 

12301 Parklavn Drive 
RockvilleiND 20852 
USA 



Daleof depoait 

20 Jan 1995 


Aoeeaaion Number 
HB-11812 


C. ADDITIONAL INDICATIONS r/c«vr Maui ^MMtfp^keM 


Tbb infonnation is oontinved on an additional almt | | 



In respect of all designated States in vhich such action is possible and to the 
extent that it is legally permissible under the lav of the designated State # it 
is requested that a sample of the deposited microorganisnis) be nede available 
only by issue thereof to an independent expert/ in acoordanoe with the relevant 
patent legislation e.g. EPC Rule 28(4)/ United fCingdcxa Patent Rules 1982 rule 
17 (3)/ Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (SfikcimdicnMssnmetformitdaip^St^ 



£. SEPARATE FURNISHING OF INDICATIONS (km^hkmkifmei tpfTtcshl^ 



Tlieindicatidns listed bek>wwillbe submitted to ibe Intenietional Bureau l%i^(ipeafyik€gmmimmmntftJieuUi€muom€,f^ 'Ac 
Nvmbtr ofDtpotit') 



For receiving Oflice use only 



n received with the international appliealion 



Authorized ofTicer 



— — For International Bureau use only 

n This aheet was received by the International Bureau i 



Authorized ofncer 
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Applianl's or agenff file 
rcfcrtnce number 



r U33A 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRulc 136a) 



A. The indieationi made below reJata to die microorBfuam referred le in ihc dcacripcion 



IDENTIFICATION or DEPOSIT 



Further deposits arc ideniined on an additional abect | X| 



Name o( dcposiury inatitulicn 

American Type Culture Collection 



Addreaa of depositary inatitulion fiticbiduif pattti €od€ tttd tmmiry) 

12301 Parklawn Drive 
Rockville ,ND 20852 
USA 



Dale of depoiit 

20 Jan 1995 



Accession Number 
HB-11813 



C. ADDITIONAL INDICATIONS (lemmbUmki/stot •ppiUahk) Thta informalion is continued on an additionaJ abect Q 



In respect of all designated States in wtiich such action is possible and to the 
extent that it is legally permissible under the lav of the designated Statft< it 
is requested that a sanple of the deposited microorganism(s) be made available 
only by issue thereof to an independent experts in accordance vith the relevant 
patent legislation e.g. EPC Rule 28(4}, Uhited Kingdcm Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
«putatis mutandis for any other designated State* 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Pfil^cfmJicttio^^r^ not f^tiidaigmtltdSt^) 



£• SEPARATE FURNISHING OF INDICATIONS (lem^hkmkifmeitppiic^ki 



Ibetadicabons listed beiow will be submitted to the intcmaiiooal Bureau Uitr (specify iMegotermlmsimaftheMdicatwmm^g, Vic 
NtmberofDepatit') 



For receiving Office use only 



n l^** sb^^ was received with the international application 



Authorized oCTicer 



For Inlcniational Bureau use only 



I I This sheet wai received by the international Bureau « 



Authorized orricer 



Form PCT/R 0/134 (July 1992) 



A|>piicani*» or agtni% file 
reference number 



r ni33A 



IntemiioniUppltGitiosN't. pCT/9g/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCrRnle'l3(ya) 



A. The tndicitions made below relate to the mkroorpniuii referred lo ia the descripcion 
on page ^-24 



D. IDENTIFICATION OF DEPOSIT 



Further depoaiU are idenliRed on an addittonal sheet 



Name of depositary inslitulion 

Amarican Type Culture Collection 



Address or depositary institution fimiMdiag pott^ tmimmmitrnmryi 

12301 Parklavn Drive 
RocXville^MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Aoocsston Number 
BB-11814 



C. ADDITIONAL INDICATIONS {Umm himnk iimm •pptiealO^ This taformatioa is contlmied on an additional shed 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a sasople of the deposited inicroocganism(s) be made available 
only by issue thereof to an independent experts in aooordanoe vith the relevant 
patent legislation e*g. EPC Rule 28(4) « Uhited Ringdon Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE pftktimdkstiami^ftmailcrmnJ^gmM^Sistat 



£. SEPARATE FURNISHING OF INDICATIONS (iemmhUmktfmei^ppHeM^ 



The indtcatt«ms listed below will be submitted to the International Bureau Uter («pcb//iWfoin/MOir««f i^iNdtfltrmMcx, 



For receiving Office use only 



rn recsetved with the intemattonal application 



Authorized officer 



For Intematiorul Bureau use only 



ri "Hiii cheef wss received by the Intematiorul Bureau on: 



Authorized oftioer 



Form PCT/RO/134 (July 1992) 



Applicants or agents file f 
rcrcfcnce nvmbcr 



Irucnuttocul Bpplic3lion^-«. 



PCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRulc 13<itf) 



A. The indications made beJow reJate to Ihe micreorpntsin referTed to in ibe deachpbon 
on p»gc 102 5-24 



D. IDENTIFICATION OF DEPOSIT 



Further depositt are identified on an additional theel fl^ 



Name of depositary institution 

American Type Culture Collection 



Address of depositary institution fimtudimgposuicodtttidmiary) 

12301 Parklawn Drive 
Rockville.MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-11815 



C. ADDmONAL INDICATIONS HmmbU^ift^ ^ppikM^ thu information is continued on sn sdditionsl sheet □ 



In respect of all designated States in which such action is possible and to the 
extent that it is legally penniaaible under the law of the designated State, it 
IS requested that a sanple of the deposited laicroorganisiD(s) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (lUkcmdicsuo^mrt^^fcrmUdenpm^Sisi^ 



E. SEPARATE FURNISHING OF INDICATIONS Htmyehhrnk ifmet mppiicMe) 



The indialions listed bek>w will be submitted to the International Bureau \%\9Mitpccifytk0ttmim0tmnclihtimdi<mu9m$m,t^ 'Ac 



For receiving OCCice use onljr 



I I "Thw «heet was received with the international application 



Authorized officer 



For Iniemational Bureau use only 



n This sheet was reoeived by the International Bureau on: 



Authorized ofricer 



Forni PCT/RO/134 (July 1992) 



Applicini^ or agents ni« ^ ^133A 
reference number 



ImcfiutioasUppltciiKm^'^. PCr/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRule 13£ttr) 



A. The indicitioiu made be}ow felal* lo the mteroorgnutm referred lo in Ibe description 
on page 5-24 



D. IDENTIFICATION OF DEPOSIT 



Further deposits are tdeatified on an additional aheel | X| 



Name of depositary institution 

American Type Culture Collection 



Address of depositary inslitiition p/KlmMmg patu^ c^dtmmd tmuUffi 

12301 Parklawn Drive 
Rodcville.MD 20852 
USA 



Dste of deposit 

20 Jan 1995 


AooBssion Number 
HB--11816 


C. ADDITIONAL INDICATIONS f/Mii 


ikmkiftuMtppiksbi 


^ This infoimstion b ooDtimied on an additional abe 





In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State « it 
is requested that a saople of the deposited Biicroorganisni(s} be made available 
only by issue thereof to an independent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), united Kingdcao Patent Rules 1982 nile 
17 (3)# Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Qfih^ 'mikMAaiiMMmciformndMmpm^Si^ 



E. SEPARATE FURNISHING OF INDICATIONS fluaw himk'rfmpigppMk) 



11ieiBdic8liOiuNstedbelowwillbesubrntltodlolbeiateffnatioiialDuf«aulater(^^ Me 
Nwmhtr c/ Dtpoat*) 



For reoeivinf Oflice use only 



I I This sheet was received with the international application 



Authorized ofTicer 



For International Bureau use only 



ri This sheet was recarved by the International Bureau on: 



Authorized ofTieer 



Fomi PCTmO/134 (July 1992) 



Applionrs or a^t^ flic ^ '133A 
reference number 



Imenutionil appliation ^*-" 



PCr/96/01U9 



INDICATIONS RELATING TO A DCPOSITED MICROORGANISM 

(PCTRule \3bi3) 



A. The indicaiions nude beh>w relate to the microorpBism teferred to tn the description 
oap.se ^02 5-24 



n. IDENTIRCATIONOFDEPOSrr 




Further deposiu are identified on an additional sheet \ X| 


Nsme of depositary institution 

American Type Culture Collection 


Address of depositary iiutitutton ftmcMingposfleoiftUi 

12301 Parhlavn Drive 
Rockville.MD 20852 
USA 




Date of deposit 

20 Jan 1995 


Accession Number 
HB-11817 


C. ADDITIONAL INDICATIONS f/c«w^«iki/Mtf«/^k«M 


c) This information is continued on an additional •bed | | 



In respect of all designated States in which such action is possible and to the 
cuctent that it is legally permissible under the lav of the designated State i it 
is requested that a sanple of the deposited microorganism(s) be made available 
only by issue thereof to an independent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4)/ United Ringdon Patent Rules 1982 rule 
17 (3)# Australian Regulation 3.25 (3) and generally similar provisions 
gtutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (i/i/beMicMiMu are iior/^s//dar>M<crf Aster) 



E. SEPARATE FURNISHING OF INDICATIONS OctyebUmkifmettpplicMbk) 



Theindicaiidnslistedbelowwiltbesubmitted 10 the International Bumuitta (specify JugamtMme of the utditMiictut^^ 'Ac 
Number of Depatit') 



For receiving Office uae only 



rn This sheet was received with the international spplication 



Authorized ofTtccr 



For International Bureau use only 



\ 1 This sheet was received by the Intenulkmal Bureau oo: 



Authorized ofnccr 



Form PCT/RO/134 (July 1992) 



Applicinl*t or agents nie ^ 
refcrenoe number x J 



InienuiioMlipplicitionNn. pcx/96/01119 



INDICATIONS RELATING TO A DEPOSIHSD MICROORGANISM 

(PCTRttle I3Mf) 



A. The mdictlions nude below reUle to the mkreorpaisni leferted to in tbe deMriptioa 
oRp.ee 5-24 



n. IDENTIFICATION OF DEPOSIT 



Inirlher depoeitt ere tdentiGed on an addllional tlMt 



Name ofdepotiiaiy inaiiiulion 

American Typo Cultura Collection 



Addrett of depoeitar/ institution (inchtiiiig potui t0im mmd €mMiry) 

12301 Parklawn Drive 
Roc)cville/MD 20852 
USA 



Date of deposit 

20 Jan 1995 



Accession Number 
HB-liai8 



C. ADDITIONAL INDICATIONS <l€tm hiamk if ma mppiUbid Tbb iafonnation is oontimed on an addittooal abed Q 



In respect of all designated States in which such action is possible and to the 
extent that it ia legally permissible under the lav of the designated State # it 
is requested that a sample of the deposited adcroorganism(a) be made available 
only by issue thereof to an independent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4) « United Kingdcn Patent Rules 1982 rule 
17 (3)# Australian Regulation 3.25 (3) and generally similar provisions 
imitatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE OrUmmdUmthmsmmotf^rtUdmpmudSislt^ 



E. SEPARATE FURNISHING OF INDICATIONS (7m Mffa*i/a«r^wa6^ 



Tlie indicilions listed bdowwilt beaubmitted lo the international Bureau UieT(Mpeafftk€g^t^immmfm€fihtMieaiwm9L$^ 'Ac 
HttmherofDtpotit') 



For receiving OfGce use only 



n "Diu sbeet was icoeivod with tbe imenniionai applicai 



lion 



Authorized ofTiccr 



For interna tiooa) Bweau use only 



rn "Hiia sheet was received by tbe International Boreau on: 



Authorired ofTtcer 



Form PCr/RO/I34 (July 1992) 



Applianl^s or agent't nie ^ ^17:3& 
reference number X J JA 



IntemaiionaUppliciiionr^. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRulc I36ij) 



A. The indications made below relate to the microorgantam refened to in ibe description 
onpaee ,liaeS 5^24 



IDENTIFICATION OF DEPOSIT 



Further deposiu are idcnliTted on an additional abeet fl^ 



Name ot depositary inatitution 

American Type Culture Collection 



Addreaa of depoaitary tnstitution ftmiuding pogtai todt §9d coumirf) 

12301 Parklavn Drive 
Rockville^WD 20852 
USA 



Date of deposit 

20 Jan 1995 



Aooeiston Number 
HB-11819 



a ADDITIONAL INDICATIONS (/^Mfiai7i>c<>/yffe.^ TTiia informatioii is continued on an additional abort □ 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the law of the designated State, it 
IS requested that a sasple of the deposited inicroorganiaffl(s) be made available 
only by issue thereof to an independent expert, in accordance with the nlevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
nnutatia mutaridia for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE p/ihcUdkstUms^r^mpifhraUd^p^Sistat 



E- SEPARATE FURNISHING OF INDICATIONS (Icm^bkakifmot eppiicsble) 



7>ie indications listed below will be submitted to the intemaiionsl Bureau Uterispecihihttm 



For receiving OfTice use only 



I I Tbtt •heet was received with the inicrnsiional application 



Authorized officer 



For International Bureau use only 



I~l This iheei was received by the iniemstkmal Bureau i 



Authorized officer 



Fomi PCr/Ra/I34 (July 1992) 



Applicant's or agents file ^ "^IBSA 
reference number 



ImemtionaUppiiciiioaNo. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRvle I2bis) 



A. The indications made below relata lo the micnxirpnisni refemd to in the deacription 
on pace — 5-24 



n. IDENTIFICATION OF DEPOSIT 



Further deposiu are identified en an additional tbeel Q 



Name of depoailary iiutilulion 

American Type Culture Collection 



Addreaa of depostury inatilvtion (iitcUdingpogtai€o4€9md€miit0y} 

12301 Parklavn Drive 
Rockville/MD 20852 
USA 



Date of deposit 

20 Jan 1995 


AcoeaaMMi Noniber 
BB-11820 


C. ADDmONAL INDICATIONS f/e»n;6faiifc((M(ffiyi/ic«M 


^ lltM infonulioB is conlniued en an additiomi abMl 



In respect of all designated States in which awA action is possible and to the 
extent that it is legally permissible under the law o£ the designated State, it 
is requested that a sanple of the deposited 0icroorganisD(s) be made available 
only by issue thereof to an independent expert* in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4) i United Kingdcm Patent Rules 1982 rule 
17 (3)^ Australian Regulation 3.2S (3) and generally similar proviaions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if ike mdUmmiM mrt met far a// denp m t d S i mt t) 



E. SEPAIOlTEFTJRmSHINC OF INDICATIONS fWMkiaj7iuaa/yi/iea&i;(^ 



ThetndicittomlialedbelowwillbesubmiltcdtothelatenutionalDureattUlerfspec^ '^^ 



For recctvtng Office use only 



rn reoeived with the intcnuiional applicalion 



Authorized officer 



For Intematioaal Bureau use only 



rn This sheet was received by the IntematiofMl Bureau i 



Authorized ofTicer 



FoTOJ PCT/RO/134 (July 1992) 



Appltcint's Of agrent^ file r**0132A 
referenoc number J J*! 



InlcmationalapplicitkiaNo. p^X/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(per Rule 136a) 



A. The indications made below relate to the micnxsrsanisin refencd to in the dcacription 
on Dace "2 5-24 


n. IDENTIFICATION OF DETOSrr 


Turther deposiu arc idcntiCied on an additioMl sheet fl9 


Name of depositary institution 




American Type Culture Collection 




Address of depositary institution (ttttMit^^altoi^mmicmmtrf) 


12301 ParUavn Drive 
Rockville^ND 20852 
USA 




Date of deposit 

20 Jan 1995 


Accession Number 
BB-11821 



C. ADDITIONAL INDICATIONS (iem^bkukifstoi mppik^ llsti information U continued on an addhiooal sheet Q 



In respect o£ all designated States in «rtiich such action is possible and to the 
extent that it is legally permissible under the lav of the designated State « it 
is requested that a sample o£ the deposited microorganisiD(s) be made available 
only by issue thereof to an independent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4)/ United Kingdom Patent Rules 1982 rule 
17 (3)# Australian Regulation 3.25 (3) and generally similar provisions 
imjtatis imatandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifihe 'if^icmthmsmremctfprmllJaigmm^Sittm) 



E. SEPARATE FimNISHING OF INDICATIONS OcmyfthkiJtifmci appUcshl^ 



Hie indications liated below will be aubmitted to the International Bureau later (spedfyUiegamlf^ntfikeijJitmtwu cf ^ 
Nvmber of Dtpont f 



For receiving Oflice uae only 



ri This sheet was received with the international application 



Authorized officer 



For International Bureau uae only 



I I Thta sheet waa received by the International Bureau oo: 



Authorized officer 



Fomi PCT/RO/I34 (July 1992) 



Applicint^oraeeat^file ^ *^133A 

reference number 



IntcmationaUpplieilwaNo. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCrRulcl»if) 



A. Iht tndtciiioRS msde below reliu lo the nuoDarpmsra refontd lo ia the docnpcion 
102 5-24 



on fM^c 



D. IDENTIFICATIOK OF DEPOSIT 



Further dcposlliMidentiried on aaaddiliomlthod 



Nanie of iteposilary instttulton 

American Type Culture Collection 



Addfou of depoiicafy iutilution (imhdmg^0i€md€9md€aamtyi 

12301 Parklavn Drive 
Rockville^HD 20852 
USA 



Dale of deposit 

20 Jan 1995 


AoBBMion Number 
BB-11822 


C ADDITIONAL INDICATIONS (Itamtk^k ifm tppUcM 


^ TliiiuifornulioQbcocuiiinedonanaddttionaJabMl Q 



In re^>ect of all designated States in which such action is possible and to the 
extent that it is legally permiasible under the lav of the designated State# it 
is requested that a saople of the deposited microorganisiii(s) be oade available 
only by issue thereof to an independent e^rt, in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4)/ United Ringdon Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis imatandia for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE r$!A^M€aiimtmnmotf9rmUd€up^Sm^ 



£. SEPARATE FURNISHING OF INDICATIONS (kt^bUMfmi mfpTtcM^ 



Tlieindicatioitt Jiatedbelow wiUbeaufanitlcd lothe Intemaiional ^^ttA\M\MVaUpea^iktimtr€imtmnwfiktimdi^iMm€4>^ 



For receiviag Odice uae ooly 



I I Tbta abcet was reoeived with the imematkmal application 



Authorized ofnoer 



For intemationa) Bureau use only 



rn This sheet was reoaived by the Intcmstioiisl Bureau i 



Authorized officer 



ForiB PCT/RO/134 (July 1992) 



Appliant%or«cenitg file ^ M^lA 
rcrerenoe number i J Jft 



IntcrnaiioiulappticatiooM'^. pCT/96/0H19 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCrRttieI3M 



A. The indiotiom made below reJaie to the microorpnajii fcferred to in the dcscnpiiDn 
onpagc S-24 



B. IDENTIFICATION OF DEPOSIT 



Further depoaits aro identified on an addilional ahort ] X| 



Name of ileposiiary institution 

Anecican Type Culttare Collection 



Addfcu of depoaiurjr institution (imimdUgfOitmicpit mmd cmmtry) 

12301 Parklavn Drive 
Roclcville.MD 20852 
USA 



Dale of deposit 

20 Jan 1995 



Accession Number 
BB-11823 



C. ADDITIONAL INDICATIONS (kmmbkMkifmm •pp&eAkt This information u oonlinued on an additiotui abect Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a sample of the d^xasited microorganismCs) be made available 
only by issue thereof to an incSependent experts in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Pftkt^imditmtk^Mrtnpi for •Bd€^gmtmi Simla) 



E. SEPARATE FURNISHING OF INDICATIONS {lem^hktAifmMmpp^ieMhk) 



The indications listed below will be submitted to the International Bureau \%{a (specify the gatmitimtmn of UKindicttipru€,g^ % 
NitmkercfDtpOMil^ 



For receiving Office use only 



rn ^* reeetved with the international application 



Authorized officer 



For International Bureau use only 



I I This sheet was received by the Intematioiwl Bufcau i 



Authorized officer 



Form PCr/RO/I34 (July 1992) 



AppUeuM^ or accfU% flie 
referenoe number 



IfilemAltonalapplicitioiiNo. p(^/gQ/Q}^lJjQ 



INDICATIONS RELATINGTO A DEPOSITED MICROORGANISM 

(PCTRule I2bis) 



I A. The tndiciiioiu made bekyw relate lo the nicroomaiam referred to in the deacripcion 
on page ...^ 5-24 



IDENTIFICATION OF DEPOSIT 



Furtber depoaiu are identined on an additional ahetl 



Name of depoiiUfy inatiiution 

American Type Culture Collection 



Addreu of depoatiary inatiiulion fnKhditig poogl tcdemmdcmmuy) 

12301 Parklavn Drive 
RocJcville^HD 20852 
USA 



1 Date of depoait 

1 16 Jan 1996 


Acoeaaion Nutnber 
HB 12016 


j e ADDITIONAL INDICATIONS fW«Mfia^ii«r«/if/ifieU 


4 This iafonnation is contimicd on an additional aiM 





In respect of all designated States in which auch action is poasihle and to the 
extent that it la legally peraiaaible under the lav of the designated Statei it 
ia requested that a aanple of the d^xaaited inicroorganiaD(a) be made available 
only by iaaue thereof to an independmt expert, in accordance vith the relevant 
patent legialation e.g. EPC Rule 28(4), (hiited Ringdoa Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
naitatis emtandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADEPftheimJitmikmi^fwmoi/ar^Bd^gmsudSi^) 



E. SEPARATE FURNISHING OP INDICATIONS (kmrnthk^kifmrn e^p&eUi) 



The indications luted bek>w will beaubcntlted to the Imemalional Bureau Ulcr Upeafftimtamimmmrt^tkeu^tmtiom , '/c 
NmmherofDtpoiit') 



For receiving Oflice uee onl^r 



I I 'Tbis abeet waa received with the international eppUcatiot 



Authorized officer 



For International Bureau use onljr 



rn Thia abeet wet received by the International Bereau « 



Authorized oCTioer 



Foim PCr/RO/l34 (July 1992) 



Applidtu^ or tscRi% file r-^OlSSA 
rercrenoe number /a^j^ 



IfUeriMiioiktUpplscitionNo. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRule I2bis) 



A* The indtcatiooi nude below relate to the microornnisia referred to in the description 



n. IDENTIFICATION OF DEPOSIT 



Ftjrther depoeiu are kleiiUricd on an additional ahaet Q 



Name of deposiury institution 
American Type Culture Collection 



Addreu of deposiury institution (Madimgfest€icode9md€€mmuy) 

12301 Parklavn Drive 
Rodcville^MD 20852 
USA 



Oste of deposit 

16 Jan 1996 



Accession Number 
fiB 12017 



C. ADDITIONAL INDICATIONS (ItmmbkMkifmoitppiicM^ Thk information is continoed on an addittoosi sheet Q 



In respect of all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State/ it 
is requested that a saaple of the deposited fflicrDorganisffl(s) be made available 
only by issue thereof to an independent expert . in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4) # United Kingdcn Patent Rules 1962 rule 
17 (3)/ Australian Regulatim 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE r/<^M^«c«<MmmiMf/^<//i« 



E. SEPARATE FURNISHING OF INDICATIONS (iea^bkmkifHettppiiembkj 



The indications listedbelow will be submitted to the InterasiionsI Duresu Uitr (specify th4 garni smmrecflJmittSaii0mt.i^ "Ac 
Number of Dtpotil') 



For receiving Ofltce use only 



rn This sheet wu received with the internsiionsi application 



Authorized offtcer 



For inicmsiionat Buresv use ooly 



rn This sheet was received by the Intemaiionat Bureau om 



Authorized ofncer 



Forni PCT/R0^134 (July 1992) 



Applicants or asent^nie f ^i22A 
reference number ^x^o« 



intcmatMnaiappl•G8lioo^>o. pCT/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCTRule \Vm) 



A. The indications nude below relate lo tbe microorpaism referred lo in tbe description 
onpage .lineS 5-24 



D. IDENTinCATION OP DEPOSIT 



furtlicr depoails are idcatiGtd on an additional abert | X| 



Name of depositary inatiiution 

American Type Culture Collection 



Addiesa ofdcpoaiury iiutilution (iitMi«igpatui€oJ€tmJcammtryi 

12301 Parklawn Drive 
Rockville/MD 20B52 
USA 



Dale of deposit 
16 Jan 1996 


Aocesaton Number 
HB 12018 


C. ADDITIONAL INDICATIONS (IcmwehM if mm tppSe^ 


Thia informalioB U oondnoed on an addHiooal sbed ^] 



In respect o£ all designated States in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State* it 
is requested that a sample of the deposited microorganiam(s) be made available 
only by issue thereof to an independent expert/ in accordance vith the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3), Australian Regulation 3.25 (3) and generally similar provisions 
BMtatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (7iJ^iWk«iid«rMiMtf/bf«tf/»«^ 



E. SEPARATE FURNISHINC OFINDICATIONS (ktm^UMk'4mm mppHeM^ 



Tbe indications lisiedbeiowwillbesubRiitted to the International Bureau toier(x/eq/>Ube 



For reoeivuig OfCice ase only 



n Tliis sheet waa reoeived with tbe international application 



Authorized officer 



For Inlemational Biveau uae only 



I I This sheet waa received by the International Boreau on: 



Authorized ofTicer 



Form PCr/RO/134 (July 1992) 



! AftpJicim^orascnt^rtle 
refcrenee nvmbcr 



IntcntttioralippliciliofliNo, pcr/96/01119 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCX Rale I2bis) 



A. The indicetions made below relate to the rotooorpniaiQ refened to in tlic deacription 
onpage . ,«.S 5^24 



B. IDENTIFICATION OF DEPOSIT 



Further depoaiu are identiried on an additional sheet 



Name of deposiury instiiuiioa 

American Type Culture Collectican 



Addrcu of depositary inslilution (imiMdimgfosiaicedemacmMr^ 

12301 Parklavn Drive 
Rockville^MD 20852 
USA 



Date of deposit 
16 Jan 1996 



Accession Number 
HB 12019 



C ADDmONAL INDICATIONS (WWr^i/itore/ygcetej Hiis mformelion is continued on an addtUonal sheet □ 



In respect of all designated Statas in which such action is possible and to the 
extent that it is legally permissible under the lav of the designated State, it 
is requested that a sample of the deposited microorganiam(s) be made available 
only by issue thereof to an independent expert/ in accordance with the relevant 
patent legislation e.g. EPC Rule 28(4), United Kingdom Patent Rules 1982 rule 
17 (3h Australian Regulation 3.25 (3) and generally similar provisions 
mutatis mutandis for any other designated State. 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MATiE^tiftlmimS^m^mf^mMf^rMUdcmr^tdSimici} 



E. SEPARATE FURNISHING OF INDICATIONS (le^bkmkifm^^ppRctbi^ 



The indiations listed bclowwill be submitted to the International Bureau Uitr Specify tk«iatnitmmn^iheMiiaticnMt,$^ V 



For receiving Omce use only 



n sheet was received with the international application 



Authorized officer 



For International Bureau use only 



I I Tbb sheet was received by the Interns tions I Buresn on: 



Authorized ofricer 



Form PCrmO/134 (July 1992) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
intcnuuGna] Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intenutlonal Patent CUnificatioD ^ : 

C12N 1503, C07K 16f2S, COIN 33/STJ, 
C07K 19/D0» C12N 5/20, A61K 47/48, 
39/395, SmO 



A3 



(11) intenudonal Publiatkm Number: WO 96/23071 

(43) Intcnutlona] Publication Date: 1 August 1996 (01.08.96) 



(21) Inteniatloiial Application Number: PCr/US9e/01 1 19 

(22) International Filing Date: 26 January 1996 (26.01.96) 



(30) Priority DaU: 

08/379,057 



26 January 1995 (26.01.95) 



US 



(71) Applicant (for all designated Slates except US): BRISTOL- 
MYERS SQUIBB COMPANY (USOJS]; 345 Park Avenue, 
New York. NY 10154 (US). 

(72) Inventors; and 

(75) Inventors^AppUcants (for US onty)x SIADAK, Anthony, W, 
[USOJS); 6210 1st Avenue NW. Seattle, WA 98107-2009 
(US). HOLLENBAUGH. Diane [US/US]; 9612 12lh NW, 
Seattic, WA 98117-2235 (US). GILLILAND. Lisa, K. 
[US/GBl; 23 Harbord Road, Oxford 0X2 8LH (GB). GOR- 
DON. Marcia, L. fUSAJS]; 2612 NW 98th Street, Seat- 
tle, WA 98117-2523 (US). BAJORATO, Jurgen [DEOJSJ; 
17406 37th Avenue W., Lynnwood, WA 98037-7542 (DE). 
ARUFFO, Alejandro. A. [fT/US]; 1012 Spruce. Edmonds, 
WA 98020-3334 (US). HARRIS, Unda. J. [USRJSJ; 1214 
16th Avenue E. Seattle, WA 981 12-3313 (US). 



(74) Agents: POOR, Brian. W. et ah; Bristol-Myers Squibb Com 
pany. 3005 First Avenue, Seattle. W A 98121 (US). 



(81) DeslgDatcd States: AU, CA, C2, R HU. JP, MX, NO, NZ. 
PL, US, European patent (AT. BE, CH, DE, DK, ES, FR. 
GB, GR. IE, IT. LU. MC, NL. PT. SE). 



vuermuionai search repon. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

With an indication in relation to a deposited 
microorganism furnished under Rule 13^ separately from 
the description. 

Date of receipt by the International Bureau: 

29 March 1996 (29,03,96) 

(88) Dale of publication of the international search report: 

26 September 1996 (26.09.96) 



(54) Title: MONOJXONAL ANTIBODIES SPECIFIC FOR DIFFERENT EPITOPES OF HUMAN gp39 AND METHODS FOR THEIR 



USE IN DIAGNOSIS AND THERAPY 
(57) Abstract 



The present mycntion provides monoclonal antibodies, antigen binding fragment and recombinant binding proteins specific for human 
gp39. These annbodtes arc specific for at least 12 different epitopes on gp39. Hybridomas secreting specific antibodies which bind to 
tncsc epitopes arc also provided. Further, the present invention discloses the amino acid sequence of immunoglobulin light and heavy 
chain variable regions which bind to epitopes of gp39 and provide sFv and humanized antibodies which bind gp39. Also, provided are 
pharmaceutical compositions comprising the monoclonal antibodies, antigen binding fragments and recombinant binding proteins which 
bind gp39 and methods for using these compositions in diagnosing disease slates, inhibiting B cell activation and for treating immunological 
disorders^ch as autoimmune diseases, allergic responses, organ rejection and graft-versus-host disease. Antibodies of the prescm invention 
can also be used to unage cells which express gp39 on their surface, such as nimor cells (e.g.. lymphoma) and to target therapeutic acents 
to tarcet cells. ^ r o 



I 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphleu publishing intenutional 
applications under the PCT. 



AM 


AniMaiA 


GB 


Unind Kiogdooi 


MW 


MaUwi 


AT 


AoMha 


GE 


Georfia 


MX 


Meiioo 


AU 


AuMmiu 


GN 




NC 


Niger 


Bi 


BsrtMdn 


GR 


Greece 


NL 


Nethei lands 


BE 


Bctsitn 


HU 


Hu&sary 


NO 


Norway 


BF 


BivfcioA Fmo 


IE 


liebDd 


Ht 


Ne»ZeakiKl 


BG 


Bulpru 


IT 


Italy 


PL 




BJ 




JP 


Jtpaa 


PT 


Ponufat 


BK 


Bruil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyifytiait 


RU 


Ruuian Federation 


CA 




KP 


OcinocTitic Pcopte'i Republic 


SD 


Sudan 


CF 


Ccnoil African Republic 




of Kofea 


sc 


Sw«den 


CC 


CoofO 


KR 


Repeblr of Kovca 


sc 


Singapon 


CH 


Swiuerlaad 


%Z 


Kizakhuan 


SI 


Slovenu 


a 




U 


LiertHenwen 


SK 


Sbvaku 


CM 




tJC 


SriLaika 


SN 


Senegal 


CN 


Chiaa 


UL 




sz 


Swuiland 


cs 


Ctechnlovtku 


LT 


UidmaBiB 


TD 


Olid 


cz 


Cach RepuMic 


LC 


Luicmbouri 


TG 


Togo 


DE 


Genua jr 


LV 


Ljwu 


TJ 


Tapkoian 


DK 


Dnmart 


MC 




TT 


Tnniaad and Tobago 


EC 


Eanu 


MD 


RepuMr or MoUcKi 


lA 


ITkfmme 


CS 




MC 




IC 


I'ganda 


n 




ML 


Mall 


IS 


t'nard Sum al Amrrva 


m 




M^ 




IC 


X'ihrkntm 


CA 


Cabea 


MR 


Maun an It 







INTERNATIONAL SEARCH REPORT 



iair "'oBil ApfiKttea No 

PC I /US 96/01119 



A. CLASSIFICATION OF SUBJECT MATTCIl 

IPC 6 C12N15/13 Ce7K16/28 6G1M33/577 Ce7K19/ee 
A61K47/48 A61K39/395 A61K51/ie 



C12N5/20 



Aceowfag to bitemrtcnil PgbtrtL Q<tDfica<top (IPC) or to both o^aaM duBfiabGO and IPC 



B. FIELDS SEARCHED 



Miauam doaoBaiWtaa MwdMd (dudficx&on i>«ttm foOowed by daaficUoo tyittboii) 

IPC 6 C12N C87K GOIN A51K 



BcaiOBC dWb bue coondtetf dunog Ihc manaaaiul acaicb (lune ofdiu bne nd, vbor pcMttcAl, Mvdi i 



t UMd) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Calgary* Qution oT document, with indicatiflfu whn 



ap^vpngtt^ of ifae rdcvsat pamccs 



Rdcvtat to dttn No. 



BIOCHEMISTRY. 

vol. 34, no. 6, 14 February 1995, 

WASHINGTON. DC, USA. 

pages 1833-1844. XPe02ee7296 

J. BAJORATH ET AL.: 'Identification of 

residues on 0046 and its ligand which are 

critical for the receptor- ligand 

interaction." 

see abstract 

see table 2 



-/" 



6-10. 
16-25. 
62.64. 
65, 

67-69.88 



79.81.82 



FuRhcr 



■re liAed io ttw cant 



Bon of boK C. 



0 



* Spcad ctteionei of ated doasnens : 

*A* dOLWUftuC defining tt>c gaml Rate of tfac art wficli is hoc 
ooasdeitd to be of pai«calar rtlmncc 

*£' carlio- dooBneat but pufaliifaed on or after the isierBaaaoal 
fiii^j date 

•L" dociaacDtwbiehnaytfaffovdoubaoQBnanty d«UB(t)or 
Mcti ts ated to *««**'"h the puUicaaon dau of aoodier 
aiaooa or other tpcaal r«aaon (as ^eaficd) 
*0* docmcnt refcmag to an oral dstdosure, we, edubmoo or 



T laatr doaimstt puMidted after (be mtam&aocuJ fiUag date 
or pnonty date and not m ooofiict with tbc applicaiion but 
ated to taidcRtaad the phaapic or ttkcory underiying tttc 
nvcBboo 



'P* d nngnrtif pubbdiad ^or to tbc intoiuttooat filag dale but 
Uier than Ok pnonty dau daimad 



^ d onanml of paiticiriar fdcvaaee; tbc daiawd lavcnoon 
canDQC be conad utd aovd or cannot be cooadered o 
aioivc an uvcattwe ci^ when tbc dnnmfnt » taken aloiw 

*y doctaacat of ptfUcidar rdcvuoe; the dainwd invention 
caoDOC be ooosdcrcd to involve ea inventive mep what die 
doctsncnt ■ ooiatuMd witt one or moit ottw tudi docu- 
iHsitt, aidi confaiaabon bcug obvious to a penon itolled 
la the aiL 

•4* 



OfttK I 



E patent Canaly 



Date of toe acDial caeopicoon of the uttimaoonal search 



2 July 1996 



Dale of maUiag of lac lacoBaaaiiai aearch report 



I 5. 07. 9B 



ofteSA 

Empeaa Pueat Olliec P.B. Silt PaioiUub 3 
NL -aitOHYRjirviik 
Td.(*3l-7D) M&3040.Tk. }I 651 epo irf. 
Far 31-70) )4&»16 



Avtbmicd ofCcv 



Nooij. F 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



imr "^ooal Ap^cttkOQ No 

PC I /US 96/61119 



C^CoMiauittoq) DOCUMENTS CONSIDERED TO BE RELEVANT 



CfttCfOfy * QUftoo of 



vim tppn^ntttf of the rdcvut 



Rdwnt to cUtm No. 



CELL. 

vol . 72. 29 January 1993. CAMBRIDGE. HA. 
USA, 

pages 291-300. XPe020e7297 

A. ARUFFO ET AL.: "The CD4e ligand. gp39, 

is defective in activated T cells from 

patients with X-1 inked hyper-IgN 

syndrome." 

cited in the application 
see the whole document 

THE JOURNAL OF EXPERIMENTAL MEDICINE, 
vol. 182. no. I. 1 July 1995. NEW YORK. 
NY. USA. 

pages 33-48. XP0e0574867 

D. HOLLENBAUGH ET AL.: "Expression of 

functional CD49 by vascular endothelial 

cells.* 

see page 34, left-hand column, line 42 - 
line 47 

see page 36. right-hand coluim 
see figures 3-5 

W0.A,95 66480 (TRUSTEES OF DARTMOUTH 
COLLEGE) 9 March 1995 
see exanples 
see claims 

W0.A.95 06666 (TRUSTEES OF DARTMOUTH 
COLLEGE) 9 March 1995 
see exanples 
see claims 

EP.A.O 555 880 (BRISTOL-MYERS SQUIBB 

COMPANY) 18 August 1993 

cited in the application 

see column 19, line 19 - line 57 

NATURE 

vol. 332, 24 March 1988, LONDON. 6B. 

pages 323-327, XP002e07298 

L. RIECHMANN ET AL.: "Reshaping human 

antibodies for therapy." 

cited in the application 

see the whole document 



79.81.82 



26-30. 
68.69. 
76.77.88 



97-103. 
107-109 



1-109 



1-109 



5.15,20. 
25, 

30-32. 
37,42, 
47,52.57 



INTERNATIONAL SEARCH REPORT 



'jernuioiul •ppbcnbon No. 

PCT/US96/01119 



Box 1 OtMcrvaiMQi wtere certwa doims were fmtad unanrdttfak (CMtiaiiAitMi oT hern 1 of first sheet) 



Thtt bitenuiioinl mrdi report has not b« oubhshed in ntpax of ootun daims under Artsck 1 7PXs) for tKe fbQowinK reason: 



I, [XJ Oaimi Nos^ 

b«eaiis« they rdatc to subject matter not required to be sevchcd by this Authority, nifflcly: 

Please see annex. 



a. rj Claims Nos.: 

^""^ becsuse tbey relate to parts of the international applieatiee that do not comply with the pr e sc ri b ed rcquircmeoa to such 
an extent that no meaningful tntemaiional Karcfa can bt carried out, spcrifirally: 



Claims Nos^ 

because they are depe n dent claims and are not drafted in aoeordanee with the second and third sentences of Ruk 6.4(aX 



Box II Observations wbcrc ittity ef inreatioa b Isdusg (CanltBustioo of item 2 of first sheet) 



This International Searching Authority found multiple inrcnttons in this tntcmatioiial appiscation. as follows: 



1. I j As all required tdtStional scar eh fees were timely paid by the applicant, this intcmaiional search report coivers all 

searchable cUtms. 

2. I I As aU searchable daims could be searchet without effort justifying an additional fee, this Authority did not inviu payment 

of any additional fee. 



3- LJ As only some of the rcquiird addiUonal search fees were timely paid by the applicant, this international search report 
covers only those daims for which fees were paid, spedfually daims Not.: 



4. Fj No required additional search fees were timely paid by the appHcanL Consequently, thti international search report is 
restricted to the invention first mcnuoned in the daimr, h is covered by daims Not.: 



RsMfc m Precnc Tht additjonaJ search fees were accompanied by the applicant's protest 

[ j No protest aocompanjed the payment of addiuonal search fees. 



Form PCT.ISATIO (coouiuauon of f^si sbrct (1)) (luly l«2) 



Ittanmonm Application no. PCT/US96/ Oil 19 



FURTHER INFORMATION CONTINUED FROM FCTASA/210 



Remark: Although claims 100-108 are directed to a method of treatment 
of the human/animal bodyi and although claim 109 Is directed • 
to a method practised on the human/animal body* the search has 
been carried out and based on the alleged effects of the 
compo u nd/cofflpo s 1 1 1 on . 



INTERNATIONAL SEARCH REPORT 



lar ~ ^eoal Ap^cskoo No 



cited in aurch rtport 


1 Publicfttioo 


Patent haaly 


1 Pubiiestiaa 


i date 
1 




nbcr(f) 


1 due 


WO-A-9506486 


09-03-95 


AU-B- 


7643094 


22-03-95 






FI-A- 


960979 


30-04-96 






NO-A- 


960863 


30-04-96 






AU-B- 


7642994 


22-03-95 






AU-B- 


7644594 


22-03-95 






FI -A> 


960978 








FI-A- 


96B980 


30-04-96 






NO-A- 


960861 


30-04-96 






NO-A- 


960862 

^ www Wb 


30-04-96 






WO-A- 


9506666 

^ WWWW WW 


09-03-95 






WO-A- 


9506481 


09-03-95 


WO-A-9506666 


69-03-95 


AU-B- 


7642994 


22-03-95 






AU-B- 


7644594 


22-03-95 






FI-A- 


960978 

J WW? / u 


29-04-96 






FI-A- 


960980 

^ WW 7 WW 


30-04-96 






NO-A- 


960861 


30-04-96 






NO-A- 


960862 


30-04-96 






WO-A- 


9506481 


Afl £13 OC 






ZA-A- 


9406766 


19-04-95 






AU-B- 


7643094 


22-03-95 






FI-A- 


960979 


30-04-96 






NO-A- 


960863 


30-04-96 






WO-A- 


9506480 


09-03-95 


EP-A-555880 


18-08-93 


AU-B- 


3298893 


19-08-93 






CA-A- 


2089229 


15-08-93 






JP-A- 


6220096 


09-08-94 






NZ-A- 


245898 


27-04-95 






ZA-A- 


9301013 


20-09-93 



nrr iJA-Jli [pmrnx l«ul> wtntx) Owry IW) 



